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EXECUTIVE SUMMARY

The first of two outfall dye studies has been conducted on the Joint Cannery Outfall in
fulfillment of NPDES permit conditions. The field dye study was conducted, as designed,
during non-tradewind conditions in February 1993. The non-tradewind dye study confirms

the assumptions and predictions used to select the diffuser location and determine the
mixing zone geometry. Compliance with American Samoa Water Quality Standards at the
mixing zone boundary are expected under all conditions considered during the development

of the mixing zone.

The dye study provides measurements of effluent dilution and wastewater plume behavior
under non-tradewind oceanographic conditions. The data collected were used to document
predicted diffuser performance and subsequent dilution achieved, Field observations were
compared to previous model predictions. The principal findings of the study are
summarized below.

Previous model predictions of initial and subsequent dilution were not done under exactly
the same environmental conditions observed in the field. However, conditions were similar
and the following qualitative comparisons can be made at this time as follows:

e Initial dilution was found to be as expected, with flux average dilutions
across the plume apparently higher than model predictions. Diffuser
nearfield performance is consistent with the model predictions used to
develop the toxicity mixing zone for un-ionized ammonia.

] The plume was trapped below the surface deeper than had been expected

under non-tradewind conditions. The trapping depth was approximately the
same as predicted by the plume model under conditions similar to those
observed. No dye was transported to or detected near or on the reef.

° Subsequent dilutions also appeared higher than model predictions had
indicated.
° Dilution at the mixing zone boundary was found to be higher than model

predictions indicate is necessary to meet American Samoa Water Quality
Standards throughout the harbor.

Rigorous model verification is not a part of this study and will be addressed by a separate
NPDES permit condition. The comprehensive model verification study will be done
incorporating the results of both dye studies and results of the ongoing monitoring being
conducted by the American Samoa Government,

Two fixed current meters were deployed near the diffuser and drogues were released and
tracked at depths consistent with the plume trapping level. Wind observations were made
from the vessel during the study. Currents were found to be essentially wind driven and



not measurably affected by tidal conditions. Near bottom currents averaged about 2 cm/sec
and mid-depth currents averaged about 18 cm/sec. Based on drogue trajectories, currents
at the plume trapping level appeared to average 2.5 t0 3 cm/sec. A net seaward current
direction, at the depths occupied by the plume. was observed throughout the dye study.
This current condition persisted under two distinct wind directions.

Vertical density gradient observations were made at the time of the dye study. The density
gradient was relatively weak (0.4 sigma-t units between the surface and the depth of the
diffuser at 176 feet) but stronger than previously used for model simulations for non-
tradewind conditions. This partly accounts for the deeper than anticipated trapping level of
the plume.

Field dye concentration measurements were made over a 10-hour period. Continuous
readings of dye concentration were made using a calibrated fluorometer. Over 300
representative measurements were recorded during numerous vertical profiles and
horizontal transects. Effluent dilutions ranging from 123:1 in the plume exiting the
diffuser to over 6000:1 at the mixing zone boundary were determined.

The dispersion of the effluent plume was more intense than model predictions had
indicated. It was difficult to follow the plume from the diffuser to the mixing zone
boundary or to detect any dye at the mixing zone boundary. It is recommended that during
the second dye study, planned for tradewind conditions in late August or early September,
additional attempts be made to track and detect the plume at greater distances from the
diffuser. A few other minor recommendations to enhance the second dye study are made
including additional density gradient measurements, more wind data collection, and
additional effluent flow determinations.
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Section 1

INTRODUCTION

This report presents the results of the February 1993 dye study performed on the Joint
Cannery Outfall in outer Pago Pago Harbor, American Samoa (Figure 1-1), StarKist
Samoa, Inc. (SKS) and VCS Samoa Packing Company (VCS) jointly operate and discharge
treated effluent through this outfall. The outfall is operated under NPDES permits
AS0000019 (SKS) and AS0000027 (VCS). The performance of two seasonal outfall dye
studies is a condition of the permits. This is the first of the two required studies.

This report is organized in five sections and associated appendices. This section presents a
brief background, objectives, and the general approach to the dye studies. Section 2
describes the field and data analysis methods. The results of the dye study are presented in
Section 3. Conclusions and recommendations, including a discussion of compliance with
the permitted mixing zone and suggestions for the second dye study, are discussed in
Section 4. Section 5 provides citations for references made in the text. The Appendices
contain detailed data descriptions of measurements of environmental, and dye concentration
data.

BACKGROUND

In February 1992, following the implementation of high strength waste segregation and the
construction of a new outfall, the canneries began discharging their treated wastewater into
the outer harbor. The new outfall replaces two individual inner harbor outfalls. The Joint
Cannery Outfall extends a distance of approximately 1.5 miles from the cannery locations
on the north shore of the inner harbor into the outer harbor offshore of Anasosopo Point
(Figure 1-1). The outfall consists of a 16-inch HDPE pipe that terminates with a multiport
diffuser secticn located at a depth of approximately 176 feet below mean lower low water.

The diffuser section has 4 active ports on alternating sides of the pipe at a spacing of 50
feet. The diffuser ports are 5 inches in diameter and discharge horizontally. The approved
zone of mixing boundary, as defined in the NPDES permits, is a circle with a radius of
1,300 feet from the center of the diffuser or the 30-foot depth contour, whichever is closer
to the diffuser (Figure 1-2). The current NPDES permits are based on an approved zone
of mixing. The size and location of the zone of mixing was based on environmental and
engineering studies which included model predictions (CH2M HILL, 1991a; CH2M HILL,
1991b).

PURPOSE

The purpose of this study is to collect the necessary data to better understand the fate of the
effluent plume. The data collected, and subsequent analysis are intended to provide direct
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evidence of plume behavior, dilution achieved, and dispersion of the wastefield. The
NPDES permits issued to each cannery require two dye or tracer field studies as described
in Part F of the permits (effective date of the permits is 27 October 1992). The permit
condition is identical for both canneries and reads, as follows:

"Within one week of the effective date of this permit, the permittee shall
submit a plan to the ASEPA and EPA to perform dye and/or tracer studies in
order to better understand the fate of the effluent plume. The permittee shall
perform these studies twice for one year (once during each of the two
primary seasons of the year) and submit its findings 30 days after conducting
each study. The date of the first study must be approved by USEPA and
ASEPA and shall occur at the earliest possible time a distinct oceanographic
season is in effect and no later than four months of the effective date of the
permit.

The final study plan, including the draft study plan and response to comments on the draft
plan, for this study is provided as an addendum to this report. The first field study, the
subject of this report, was conducted in February 1993 and the second is scheduled for the
tradewind period of August/September 1993. Data processing and analysis was conducted,
as described in Sections 2 and 3, during March through May of 1993. A status report was
issued with a summary of study results on 7 June 1993. Recommendations for changes to
the study plan for the second dye study are presented in Section 4 below.

SELECTION OF STUDY PERIODS

The dilution studies have been scheduled during representative “critical conditions”.
Critical conditions are defined as those environmental conditions that result in the lowest
initial dilution for the effluent flow. The most important environmental parameters
involved are current speed and direction, water depth, and density variations in the vertical
direction. For the Joint Cannery Outfall in Pago Pago Harbor critical conditions are not
easily targeted since the currents are generally wind driven, the outfall is deep so the plume
is generally trapped below the surface, and the receiving water density gradients are small.

The dye study was conducted over a tidal cycle to account for any influence of tidal effects
on the plume behavior. Variations of environmental parameters over a tidal ¢ycle in Pago
Pago Harbor are small because the tidal elevation change is small (less than 1 meter)
relative to the depth of the harbor. Most of the environmental variability is found on a
seasonal basis and is associated with seasonal wind patterns.

Two distinct oceanographic seasons represent the extremes in current patterns and density
structure in Pago Pago Harbor. The non-tradewind season is most pronounced in January
and February. This first dye study was completed during the middle of February, and the
wind conditions were typical of non-tradewind conditions (north-northeast winds). The



tradewind season occurs from May through October. The second dye study is planned for
late-August or early September when the most intense tradewind conditions are found.

APPROACH

This study was designed to obtain accurate measurements of dye injected and completely
mixed into the effluent (wastewater tracer) and released through the outfall diffuser. The
dye study is intended to provide direct measurements of nearfield and farfield dilution.
Dilution of the wastewater was determined by continuously injecting fluorescent dye into
the discharge at a controlled rate for a period of approximately 13 hours. The horizontal
and vertical distribution of the resulting plume was measured throughout a tidal cycle
during daylight hours, ’

Environmental parameters that influence plume buoyancy and trajectory were also mea-
sured and recorded including: current speed and direction, tide height, water temperature,
conductivity (salinity), and wind speed and direction. Dye measurements were taken at the
edge of the designated zone of mixing, within the zone of mixing, and at distances beyond
the zone of mixing.

Field data have been processed and are presented in graphical and tabular formats.
Supporting data have been included in the report appendices. The data collected during the
dye study will be used to verify previous modeling in a separate study (Part J in the
NPDES permits). The models used were applied to critical conditions, and verification of
the models with dye study data will provide the desired confidence in wastefield dilution
and transport predictions for worst case conditions. Data from the two seasonal dye studies
data will provide an overall evaluation of the measured dilutions in terms of compliance
with American Samoa water quality standards.
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Section 2

STUDY METHODS

A 42-foot vessel was used as the sampling platform for the study, and a field crew of three
conducted the field measurements. On February 16th, a pre-study dye injection and field
measurement test was conducted to determine the appropriate dye injection rate, measure
the plume trapping level, and mark the outfall diffuser with buoys. The water column
profiles for density stratification and dye measurements were used to select the depths for
the current meters to be placed on the array. The dye measurement profiles indicated that
the wastewater plume was trapped below 100 feet water depth. The current meter array
was deployed, and marker buoys were placed to denote the mixing zone boundary north,
south and west of the diffuser. The dye study was conducted the following day, February
17, 1993. This section describes the equipment and procedures used during the study.

FIELD EQUIPMENT AND CALIBRATION

The implementation of the field dye study, and the resulting quality of the data collected,
required careful attention to equipment suitability and calibration. The equipment used,
and the calibration procedures followed, are described below. The quality assurance and
quality control procedures are described at the end of this section. Additional information
is available from the manufacturers operations manuals listed in the references section of
this report.

Equipment Inventory

The dilution study field equipment included dye injection pumps, survey navigation
instruments, field sampling pumps, fluorometers, sampling vessel, radios, and other
equipment including backup units. The field equipment used for the dilution study, their
use and performance standards are listed in Table 2-1.

The 42-foot vessel F/V Tasi II was used as the work platform for all measurements.

Field sample positioning was performed using a Motorola Mini-Ranger III navigation
system with established transponders on land and the receiver/transmitter unit on the survey
vessel. The project staff on the vessel were equipped with hand-held radios to allow
communication with the dye injection station.

Equipment Calibration
All equipment was assembled at CH2M HILL’s Bellevue office prior to the beginning of

the dye study to allow for inspection, operation testing, and calibration. Each instrument
was checked and, if appropriate, calibrated upon its arrival in Pago Pago to confirm that it
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was in working condition. The fluorometers were calibrated immediately prior to the
beginning of the dye study and immediately following the field measurements. Calibration
methods for each instrument are described below.

Table 2-1
Field Equipment for Joint Cannery Dilution Study
Number
Equipment Item Parpose of Units Accuracy Standard
Turner Model 10 Fluorescent dye measurement by 2 Detection to 0.1 ppb
and Model 10-AU flow-through and cuvette systems
Fluorometers
Seabird SBE 19 Measure conductivity, temperature, 1 Conductivity +0.001 §/m
CTD and depth Temperature +£0.001 °C
Depth = 0.5% of full scale
Compaq SLT Set up and record Seabird CTD 2
Computer data
Motorola Mini- Microwave positioning System with 1 +2 meters (range)
Ranger Il System 3 shore based transponders
FMI Positive- Used for dye injection into effluent 1 0.2 ml/min
displacement Pump | at constant rate
Masterflex Backup pump for dye injection into 1 0.2 ml/min
Peristaltic Pump effluent at constant rate
1/3-hp Submersible | Pumps receiving water from depth 2
Pump through fluorometer
InterOcean S4 Measure current speed and direction 2 +/~ 0.2 cm/fsec; 0.5 degrees
Current Meter during the dye test
Motorola Hand- Communication ship-to-shore 4
held VHF Radios

Dye Pump. An FMI positive-displacement piston pump was used to inject dye directly
into StarKist’s pressurized outfall pipe immediately downstream of StarKist’s effluent
pumps {(downstream of the surge tank). This pump is designed to deliver a constant
discharge rate under pressures as high as 100 psi. The pressure at the injection site
measured 40 psi. The dye pump was tested and calibrated at the dye injection site prior to
the test injection and dilution study. The pump flow rate was calibrated with the dye at
ambient temperature on February 16, 1993, by repeatedly discharging dye into a graduated
“cylinder for a fixed period of time at various flow rate scale settings.

During the pre-study test injection on February 16th, dye was also injected into the outfall
line under pressure and initial dye samples were collected 200 feet downstream of Samoa
Packing’s effluent line to confirm that the target initial dye concentration was being met.
According to the manufacturer (Fluid Metering, Inc., 1988) reproducible metering accuracy
of less than 1-percent can be expected when handling medium-viscosity fluids if fluid
differential pressure, fluid viscosity, and electric line voltage remain constant. To verify
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that none of these factors affected dye flow rates during dye injection, dye flow rates were
verified and logged prior to the start and at the end of dye injection and the cumulative dye
volume pumped was recorded.

Fluorometers. Two fluorometer units were setup and calibrated to accurately read dye
concentrations (as parts per billion) in the range of 0.1 to 100 ppb according to the
manufacturer’s specifications (Turner Designs,1992; Wilson et al., 1991). All dye
measurements were made using the calibrated Turner Design Model 10-AU fluorometer.
The second fluorometer was available as a backup. Both flucrometers were calibrated on
February 16th, prior to the pre-study dye injection test, to confirm that both were
performing at the required level of accuracy.

The fluorometer was calibrated on the day prior to the dye study by using known dye
concentrations ranging from zero to 100 parts per billion (ppb). The fluorometer was
calibrated to give a reading of 10.0 on the least sensitive scale (min. sens. scale) with a dye
concentration of 100 ppb, and a reading of 0.0 on the most sensitive scale (31.6x scale)
when the dye concentration was zero. Calibration checks using intermediate concentrations
confirmed that the fluorometer response was acceptably linear over this range. The
calibration was verified immediately upon completion of the study.

The temperature of the pre- and post-study fluorometer calibration standards was 76°F and
77°F, respectively. All dye standards were made with background receiving water from
Pago Pago harbor for dilution, to compensate for any interference or background fluore-
scence. Figure 2-1 shows the pre- and post-study plots of the fluorometer calibration data.
There were no significant differences between the pre- and post-study calibrations.
Therefore, dye measurements did not have to be corrected for calibration drift.

CTD, and Current Speed and Direction Instruments. The SeaBird-19 conductivity-
temperature-depth (CTD) instrument was calibrated by the manufacturer (Sea-Bird
Electronics, 1989) before conducting the dye study. Calibration data were applied during
data reduction and no subsequent adjustments were applied to the data. The InterOcean S4
current meters are maintained within calibration limits by factory procedures (InterOcean
Systems, 1991) and are periodically checked for accuracy.

Mini-Ranger Navigation System. The Mini-Ranger was calibrated to the manufacturer’s
specifications (Motorola Inc., 1987) prior to conducting the dye study. The transceiver
unit and transponders were checked against known distances using a calibration range
maintained by the National Ocean Service at Sand Point, Seattle, Washington.
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DYE INJECTION PROCEDURES

Dye was injected into the outfall and initial concentration determined in a fashion designed
to provide reproducible and accurate field measurements of wastefield dilution and
dispersion. The dye was injected at a location selected to provide complete mixing prior to
initial concentration sampling. Initial concentration samples were collected from the
effluent strearn throughout the field dye study. The procedures, dye injection and sampling
points, and measured initial concentrations are described below.

Effluent Flow

Effluent from StarKist’s treatment system is metered as it flows into the surge tank. Three
pumps discharge from the surge tank into the-outfall pipe. The number of pumps
discharging depends on the level of effluent in the surge tank. The discharge rate from the
surge tank is not uniform. Effluent from the VCS Samoa Packing treatment system is
metered as it flows into an 8-inch line that joins the 16-inch outfall under the facility’s
dock. There is no flow meter in the outfall downstream of the point where the effluent
from the two plants combine but flows can be determined from initial dye concentrations as
described below. Average combined effluent flow from the canneries during the dye study
was determined to be about 2.5 mgd.

The dilution study was conducted under normal plant production flows. The distance from
the VCS Samoa Packing discharge connection to the outfall line to the outfall diffuser
terminus is approximately 8,300 feet. The travel time from the canneries to the outfall was
measured during the pre-study dye injection to be approximately 1 hour and 10 minutes.

Dye Injection Setup

Rhodamine WT dye was injected directly into the 12-inch outfall pipe immediately
downstream of the effluent pumps that discharge from StarKist’s surge tank. From the dye
injection point, the outfall line makes three bends and then enlarges from a 12-inch to a 16-
inch line at 100 feet past this injection site. The injection location is 240 feet upstream of
where the 8-inch VCS Samoa Packing outfall line intersects the 16-inch outfall pipe.

The dye injection was accomplished using a positive-displacement (piston type), variable-
rate pump connected to a 1/4-inch pressure tubing. A pressure valve was removed from
the outfall line and replaced with a fitting with a reducer from 1-inch to 1/4-inch for the
injection pump tubing connection. Two pumps were setup and their flow was calibrated
with the pump head and tubing attached. One pump, a Masterflex peristaltic pump, served
as the standby backup during the dye injection.

Based on the observed concentrations in the harbor during the pre-study test injection, the
FMI positive-displacement pump was set to inject at a flow of 30 milliliters per minute into
the effluent. This flow rate was maintained throughout the injection period. Dye injection
began at 0625 and ended at 1630 on February 17, 1993,
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Initial Dye Samples

The initial dye concentration in the effluent was determined by collecting effluent samples
from a sampling port installed 450 feet downstream from the injection site and 210 feet
downstream of the VCS Samoa Packing connection to the outfall line. The initial dye
sampling line was connected to an air vent structure on the top of the 16-inch outfall line,
located underwater. A diver attached a valve and sampling hose to the air vent and ran the
sampling tube to the surface, where a second shutoff valve was attached. Turbulent mixing
in the outfall between the injection and sampling ports was considered sufficient for
complete mixing of the dye with the wastewater.

The effluent flow and initial dye concentration in the effluent were determined
approximately every 45 minutes throughout the dye injection period. The dye pumping
rate was confirmed before and after the study. Total consumption of dye during the study
was determined as a check on the assumed injection rates. The effluent flow rate from
both the VCS Samoa Packing and StarKist treatment plant were recorded between initial
dye sample collections. These initial dye samples were stored in a cool dark chest. On
the day following the study, the initial samples were diluted 50:1 with background
receiving water, and the fluorescence was measured. Figure 2-2 presents the measured
initial dye concentrations for the combined effluent.

The effluent flow rate from StarKist’s surge tank varied as the tank filled and then was
pumped out, and this variation in pumping discharge rate from StarKist’s surge tank is
shown in the initial dye concentrations. The initial dye concentrations increased as the
discharge rate from StarKist’s surge tank decreased, and then the initial dye values
decreased as StarKist’s discharge rate increased. Table 2-2 lists the effluent flow rates and
initial dye concentrations as determined in the field. The variability in initial
concentrations was accounted for in the data processing and analysis as described in Section
3 below.

FIELD MEASUREMENTS

The procedures used for field measurements of dye concentrations and associated
environmental parameters are described below. Field measurements of dye concentrations
must be processed to correct for a number of factors. The procedures used and the basis
of the corrections applied during data processing are also described below.

Current, Wind, and CTD Measurements

Two InterOcean 54 current meters were deployed on a cable array at depths of 170 feet
and 100 feet. The array was deployed approximately 125 feet southwest of the center of
the outfall diffuser to provide in situ current measurements during the period of the dilution
study. The InterOccan S4 is an electromagnetic current meter with a solid state 64K
random access memory and is programmed to record and average current speed and

2-6



£661 ‘L1 Apniged uo Apnjg uounjiq
Buing suoybyuesuon) A (PRI

¢¢ N2

sl
0gs1 osvl gerl osel osit SLilL ovolL G001
i ; 1 1 1 | | | | | | ; | { | |

¥ ] 1 1 i i 1 1 1 1 1 i T I T 1

L L L LT L LT T T T OO PP RIPPPPIPHNMNNINSNNNPPPY P O-N

BT el T U Uy P RTOBTUOHPTOR Q.—.

(wdd) uoynijuaaton akq

NAVDE F E6Q19 £ ¢ D3 1 APrs uonneq powos / | AQ ZR0EXAd



directions at various intervals. The meter was programmed to turn on every 10 minutes
for 3-minutes, collect readings every 1/2 second, and then record 3-minute average values.
The current speed and direct measurements are presented in the result section of this
report.

Table 2-2
Initial Dye Concentrations and Effluent Flow Rates
February 17, 1993 Dye Study
Time Initial Dye StarKist StarKist Samoa Total
(Local) || Concentration' Flow to Flow from Packing Flow
(ppm) Surge Tank® | Surge Tank® Flow? Through
(gpm) (gpm) (gpm) Outfall®
= (gpm)
0625 2.6 850 2400 640 3,040
0710 3.0 850 1990 640 2,630
0810 5.0 850 940 640 1,580
0900 6.0 850 690 630 1,320
0935 6.5 800 600 620 1,220
1005 5.7 800 770 620 1,390
1040 4.5 800 1130 630 1,760
1115 35 850 1630 630 2,260
1150 4.3 850 1210 630 1,840
1350 5.5 875 820 600 1,430
1425 6.5 850 620 600 1,220
1450 6.0 950 720 600 1,320
1530 5.0 925 980 600 1,580
Average 49 854 1115 622 CO1738
! Measured from samples collected.
? Determined from measured flow records.
* Calculated from initial concentrations and known flows,

Due to the possible effects of winds on water transport, wind observations were recorded
on the vessel throughout the dilution study field testing. The S4 meters also recorded
temperature, conductivity, and depth (at the bottom meter only). The SeaBird CTD was
used concurrently with the fluorometric sampling and continuously recorded conductivity
temperature and depth at the location water was being sampled. The SeaBird was also
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used to determine ambient stratification of the receiving water. The wind, ancillary current
meter data, and CTD data are provided in Section 3 and the appendices, as appropriate.

Dye Measurements

A Turner Design Model 10-AU fluorometer, fitted with a flow-through door and equipped
with a hose, submersible pump, and Seabird conductivity, temperature, and depth profiling
instrument (CTD), was used to measure dye concentrations. When the vessel was posi-
tioned at the appropriate distance from the diffuser, the pump and CTD were lowered into
the water. Sampling depths, temperature, salinity, and dye concentration were recorded
throughout the conduct of each profile and transect.

The plume was tracked using drogues. An initial profile at the diffuser location was done
to locate the plume centerline (lowest dilution). Once the center of the plume was found a
windowshade drogue was set at that depth. The surface float attached to the drogue was
then followed and profiles were taken along the drogue trajectory. The drogue trajectories
also provide indications of current patterns in the vicinity of the diffuser.

Because of the weak currents, and concomitant slow drogue movement, the drogues are
only approximate indicators of plume location and become less reliable as the distance from
the diffuser increases. However, for areas within the mixing zone the drogues appear to be
sufficient as markers of plume location, although not necessarily remaining on the plume
centerline. The sampling procedures were designed to search for minimum dilutions using
the drogues as initial approximate indicators. Numerous profiles and transects were made
in the expected vicinity (immediately downcurrent) of the wastefield to ensure that the
maximum dye concentration present (and, therefore, lowest dilution)' was measured.
Profiles were conducted to describe the vertical extent of the wastefield and horizontal
transects were conducted to document the spatial distribution of the wastefield.

A Motorola Mini-Ranger I navigation system was used to accurately determine the
position of the vessel during the course of the study. Mini-Ranger shore transponders were
stationed as follows: Code 1 was located on top of the navigation range marker station east
of Leloaloa, and Code 4 was placed on the tramway park building. Table 2-3 provides the
transponder coordinates. Operation of the transponders and the receiver/transmitter unit
was confirmed on the day prior to the dye study. Both shore transponders were located at
USGS benchmarks, and these sites have been used previously by CH2M HILL (1991a) for
oceanographic surveys in Pago Pago Harbor,

Dye Concentration Corrections
Dye concentrations were measured and recorded in the field. Dye conceniration readings

may require corrections for temperatures, background dye concentration readings, linearity
and drift.
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Table 2-3
Location of MiniRanger Transponder Locations

Transponder Location P —
Easting Northing

Code 1 Pago Pago Harbdr 261,551.58 309,857.04

’ State Plane Coordinates (feet)

Front Range Tower

Code 2 Fagatogo Tram 258,117.06 305,879.24

Park Building

Because dye fluorescence is sensitive to temperature, measurements made in
the field must be adjusted to the calibration temperature. The field
measurements inciuded temperature recordings taken simultaneous with the
dye readings, and the dye concentrations are then corrected for field versus
calibration temperature differences. The dye measurements were corrected
to the equivalent value at the calibration temperature with the following
formula (Turner Designs, 1977):

Fc = Fs exp [K;(Ts-Tc)]

where:

K; = 0.026/degree

Fc = the corrected dye concentration

Fs = measured sample dye concentration

Ts = temperature of field measurement (measured by CTD)
Tc = temperature of the standards used to perform

calibration (19°C)

Background dye concentrations measured upstream of the outfall diffuser
were (.1 and 0.2 ppb on February 16th, and no correction was considered
necessary for background fluorescence.

The fluorometer was calibrated on the day prior to and the day after the dye
study by using known dye concentrations ranging from 1 to 100 ppb.
Background readings were also done as described above. Calibration checks
using intermediate concentrations confirmed that the fluorometer response
was acceptably linear over this range. (Figure 2-1)

The pre- and post-calibrations of the fluorometer also indicated that

instrument drift was nearly unmeasurable (Figure 2-1). No drift correction
was considered necessary.
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All dye standards were made with effluent to achieve 50 and 10 parts per million (ppm)
standards, and then higher dilutions were made with background water. Table A-1 in
Appendix A includes the receiving water temperature values, the uncorrected dye
concentration readings, and the corrected dye concentration values.

QUALITY ASSURANCE/QUALITY CONTROL

The quality assurance/quality control objectives for the dilution study were to collect meas-
urements of wastefield dilution and dispersion of verifiable and acceptable quality. These
objectives were to be achieved by using Rhodamine WT fluorescent dye, which acts as a
surrogate of the actual wastefield components and completely mixes into the effluent,
allowing accurate tracking by fluorometric equipment. The quality assurance requirements
for achieving the objectives were to provide:

° Verifiable dye injection rates and initial dye concentrations

o Verifiable fluorometric equipment calibration before and immediately
following the dye study

e Accurate vessel positioning for wastefield measurements
° Equipment redundancy (backup fluorometer and navigation system)

To evaluate the data quality and validate the collected wastefield dye measurements, the
following specific activities were completed and documented:

e Fluorometers were calibrated with known concentrations of dye before the
study, the fluorometer calibration and calibration curves were checked
during the dye study, and post-survey calibrations of the fluorometers were
completed and indicated no significant drift in the instrument readings.

® The dye injection and initial dye concentrations were verified. During the
dye injection, hourly records of effluent flow and dye injection rate were
maintained. Initial concentrations of dye mixed into the effluent (prior to
discharge) were collected approximately every 45 minutes and measured for
dye concentrations.

® The voltage outputs on the navigation system transponders and receiver/
transmitter unit were checked before and after the field dye studies.
Prestudy range calibration was done at an NOS maintained calibration range.

o The vessel location was determined by using established boundary markers
and the Mini-Ranger navigation system.

. Drogues were used to determine the travel direction of the wastefield plume.
Wastefield transport and current measurements observed using drogues
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during the field study were verified with the current speed and direction data
collected using factory calibrated current meters.

CTD and current speed and direction instruments are maintained by factory
calibration and servicing.
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Section 3

RESULTS

This section presents the results of the Joint Cannery Outfall dye study including:
simultaneous field measurements of wastefield dye concentrations, temperature, salinity,
winds, and currents; wastefield dilution calculations from field dye measurements; and
wastefield plume transport measurements from drogue tracking. Results from the
measurements of the important environmental parameters are presented first, followed by
the measurements of dye concentration and calculated diluticns.

The results of the study can be used to calculate whole effluent concentrations, or effluent
constituent concentrations, following dilution as discussed in Section 4. The effluent flow
and initial dye concentration data were reviewed above in Section 2. Supporting data and
documentation are presented in the appendices to this report: Appendix A, provides dye
study field data collect from the vessel and Appendix B, presents the data from the S4
current meter installations.

ENVIRONMENTAL PARAMETERS

Ambient current speeds and direction, vertical density gradients, and discharge depth are
important environmental variables influencing the dilution performance of the Joint
Cannery Outfall. Considering the depth of discharge (176 feet, 54 meters) relatively low
tidal elevation range (about 3 feet, ! meter) for Pago Pago Harbor, the ambient current
speeds and density structure are considered to be the primary receiving water conditions
affecting the plume. Wind speed and direction are the principal factor controlling the
currents and circulation in the Harbor. Measurements of each of the environmental
parameters of interest are discussed below.

Water Levels. The field dilution study was conducted February 17, 1993 during a period
that was centered on low water. The tidal water levels for the 24-hour current meter
deployment period are shown in Figure 3-1, and the dilution study period is indicated on
the figure. The observed water levels were recorded by the pressure sensor on the near-
bottom InterOcean S4 current meter. The variations in water level are dominated by
semidiurnal tidal elevation fluctuations. The observed tidal ranges, between high and low
water, were less than 1 meter during the study period.

Vertical Density Profiles. Vertical profiles of temperature and conductivity variations
with depth were collected at the diffuser site. Salinity and density are calculated from
these measurements. The ambient conditions characterized from CTD casts taken on the
day following the dye study are summarized in Table 3-1. The CTD data are provided in
Appendix B. There was a relatively weak density gradient of about 0.4 sigma-t units
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(0.0004 gm/cm?®) through the water column in the vicinity of the diffuser. The CTD
instrument was also continuously used to acquire data at the depth of sampling throughout
the field measurements. These data are provided in Table A-1 in Appendix A.

Table 3-1
Ambient Density Gradient at Near the Diffuser
on February 18, 1993
Depth Temperature Salinity Density
{meters) R °C) (ofo0) (Sigma-t)
2.0 29.00 35.27 22.27
4.9 28.97 35.3 : 22.30
9.7 28.95 35.33 22.33
15.2 28.93 35.34 22.35
20.3 28.94 35.36 22.36
25.2 28.96 35.40 22.38
30.4 28.95 35.43 22.40
35.3 28.94 35.43 22.41
40.1 28.89 35.47 22.45
44.7 28.83 35.53 - 22.52
49.5 28.79 35.53 22.53
55.0 28.58 35.58 22.64
56.9 28.46 35.6 22.70

Wind Speed and Direction. Current and wind measurements were collected during the
field dilution study to characterize the plume dynamics and wastefield transport from the
Joint Cannery Outfall diffuser. Winds directly influence the water movement and the
circulation throughout Pago Pago Harbor. During the field study the winds ranged from
the northeast to northwest direction. These directions are representative of the non-
tradewind season for which this dilution study was targeted. Wind observations made from
the vessel are summarized in Table 3-2,

Between 0700 and 1000 on February 17th, the winds were generally light (2 to 8 knots)
and from the northeast. Between 1000 and 1045 the winds shifted from the northeast to
northwest and remained light.  Rain squalls accompanied by strong gusty northeast and
northwest winds were observed from 1045 to 1130. Between 1130 and 1400, the winds
were generally 5 to 7 knots from the northwest. Rain squalls accompanied by strong gusty
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northeast to northwest winds again occurred from 1415 to 1500. From 1500 to 1700 the
winds were a constant 5 to 10 knots from the northwest.

Table 3-2
Summary of Wind Observations on February 17, 1993
Time Wind Speed Direction Comments
(Local) (Knots) (magnetic)
0715 3-5 knots Northeast Wind from btwn Rainmaker and
Maugaloz Ridge
0800 5-8 knots Northeast !
0830 2-5 knots Northeast ;
0900 5-8 knots Northeast "
0945 5-8 knots Northeast "
1000 5-8 knots Northeast "
1025 3-5 knots NE to NW Wind direction variable
1045 5-15 knots Northwest Rain squall with gusty NW winds
1145 5-8 knots Northwest Wind from direction of Alava Mnt.
1210 5-7 knots Northwest "
1254 5-7 knots Northwest "
1415 10-15 knots NW/NE Rain squalls with winds from NW,
then wind changes to NE
1530 5-10 knots Northwest Wind from direction of Alava Mnt.
1600 5-10 knots Northwest "
1640 5-10 knots Northwest "

Current Speed and Direction. The field measurements results of the test dye injection
indicated that the plume was trapping at or below 100 feet. Two current meters were
deployed to measure the currents near bottom and above the trapping level. Ambient
current speed and direction, temperature, conductivity, and depth data were recorded by
current meters deployed at a depth of 100 ft. and near-bottom (about 170 feet below the
surface or 6 feet above the seabed). The two meters were deployed from 1645 on
February 16th to 1715 on February 17th. The complete data record for this 24-hour period
is provided in Appendix C to this report. The data presented in this section are limited to
the dye study period from 0800 to 1700 on 17 February 1993.

The current meter data shows distinct differences in the speed and direction between the
mid-depth and bottom currents. The data are illustrated in Figures 3-2, 3-3, and 3-4. The
currents measured at mid-depth (-100 feet) averaged 18.5 cm/sec, while the near-bottom
- currents (-170 feet) averaged only 2 cm/sec. These differences are best illustrated in
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Figures 3-2 and 3-3, which are polar diagrams and time-series straw plots of current speed
and direction for both current meters.

The currents recorded at both depths showed two distinct directions during the dilution
study (Figure 3-2). The mid-depth currents were directed southwest (150°, mag.) between
0800 and 1100, and between 1100 and 1700 currents were directed to the west (270°,
mag.). The near-bottom currents also showed two general directions during the study,
heading northwest in the morning and to the southeast in the afternoon (Figure 3-2).

Bottom currents were weakest and variable during the two-hour period from 1100 to 1300,
These low current speeds represent the critical receiving water conditions for the trapping
and dilution of the wastewater plume. These low near-bottom currents directly effect the
plumes from individual diffuser ports and are expected to result in reduced initia! dilutions
compared to other times during the dye study. Figure 3-4 presents time histories of the
current records and illustrates the difference between the two current recordings (note the
scale differences).

Drogue Trajectories. The subsequent farfield transport of the Joint Cannery Outfall
wastefield was measured by tracking drogues deployed near the plume trapping depth.
Drogues were deployed near the diffuser and at the depth of highest dye measurements
throughout the entire period of the field dye study. The drogue transport direction was
used for positioning the sampling vessel to sample for the plume. The drogue tracking
results are shown in Figure 3-5. During the dye study the wastefield was transported to
the south and southeast, paralleling the depth contours and the reef in outer Pago Pago
Harbor. The average speed of travel for the drogues ranged from 2.0 to 4.0 cm/sec.,
which is consistent with the average current speed for the near-bottom current meter
record.

WASTEFIELD DILUTION MEASUREMENTS

The dye study was conducted within the designated mixing zone during a 10-hour period
centered on low water. Sampling profiles in the water column were conducted to identify
the vertical extent of the wastefield and to locate the depths where the highest dye
concentration occurred. On the basis of the profiles, the wastefield was observed to remain
trapped below 100 feet and primarily below 120 feet, throughout the entire study period.
Transects were conducted to measure the spatial extent of the wastefield at a fixed depth.

Scope of Data Collection. The data collection efforts were directed at measuring the
highest ambient dye concentrations, near the diffuser, within, and at the boundary of the
mixing zone. More than 300 field dye measurements were recorded during this study. A
complete set of dye concentration data with all associated data are provided in Table A-1 in
Appendix A, The important aspects and results of each of the profiles and transects done
are described below.

Data Processing. Measurements of the initial dye concentrations made during the study
(refer to Figure 2-2) were compared with the receiving water dye measurements to
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calculate the actual effluent dilution. The initial dye concentrations have been correlated
with the corresponding receiving water measurements based on the travel time from the
injection site to the outfall diffuser. The travel time from the injection site to the outfall is
_approximately 1 hour and 10 minutes. The wastefield travel time from the diffuser to the
mixing zone boundary is estimated to 6 hours based on the near-bottom current speeds and
the travel rate of Drogue No. 1. Field dye concentration measurements are therefore
associated with initial dye concentrations that were detected 1.2 to 6 hours prior to field
measurement times.

Preliminary Data Collection. Background measurements were taken on February 16th
(dye injection test) and February 17th, and these values show a background reading of 0.1
t0 0.2 ppb. The low background readings are of the same order as the practical resolution
of the fluorometer under field conditions and they have not been subtracted from the dye
concentration readings presented in Appendix A and Table 3-3. Therefore, the reported
values may over-estimate the actual dye present. The minimum dilution values presented
in Tables A-1 (Appendix A) and 3-3 are conservative or under-estimated.

As described in Section 2 above, a dye injection test was conducted on February 16th,
prior to the full-day field dilution study on February 17th. The purpose of the test was to
determine the water column stratification and the depth that the wastewater plume was
rising. The results of the field measurements of the test dye injection indicated that the
plume was trapping at depth.  Current meters were deployed and the dye study was
conducted on the following day using the results of the preliminary test for guidance. Dye
concentration Profile Ia and b, recorded during the test injection, clearly illustrates that the
wastewater is trapped below 30 meters or 100 feet (Figure 3-6). The highest dye
concentrations were measured at 35 to 45 meters (115 to 148 feet) below the surface.

Results of Field Measurements. The detailed locations of the profile and transect
sampling stations occupied during the dye injection on February 17th are shown in Figures
A-1 through A-12 in Appendix A. Profiles P1, P2, P4, and P6 and Transect TS5 were
conducted starting at or near the outfall diffuser. Profiles P3, P7, and P8 and Transects T2
and 13 were conducted between the diffuser and the mixing zone boundary. Profiles PS5
and Transect T4 were conducted near the mixing zone boundary.

At the start of the field dye measurements on February 17th, a series of water column
profile measurements were taken starting from directly over the outfall diffuser and then
drifting to the south-southwest (Figures A-1 and A-2 in Appendix A). The wastewater
plume was detected from approximately 30 meters (100 feet) down to 50 meters (157 feet)
depth, and no dye was detected above 27 meters (90 feet). Figure 3-6 shows a example
plot of the detected dye concentrations with depth. A summary of minimum dilutions
detected during the dilution study field data collected is provided in Table 3-3. The
following points summarize the results of the dye measurements on 17 February 1993:

° Figure 3-7 provides a plan view of the wastefield sampling sites on Profile
P2 started at 0804. The values presented are the wastewater dilutions, and
they are described by sampling depth. These results indicate that the
submerged plume and wastefield were transported to the south-southeast.
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Table 3-3

Minimum Effluent Dilutions Measured on 17 February 1993

Station No. Current Speed Time Depth Minimum Approximate
(P = profile, and Direction at {Local) (ft) Dilution Distance
T = Transect) Depth from
and Location (cm/sec) Diffuser
(magnetic) (feet)
100 fi
P1-  Near Diffuser 18.4 3.5 0752 130 370 275
134° 347°
P2-  Near Diffuser 19.3 2.6 0824 119 234 20
140° 0°
Ti-  South Mixing 18.3 2.4 0915 | 60 to >32,000 1300
Zone Boundary 141° 318° 115 {Not Detected)
P3.  Near Teasa 7.7 3.1 0945 | 75 to0 > 34,000 600
Rock Buoy 158° 328° 145 (Not Detected)
P4 - At Diffuser 18.0 3.0 0959 144 123 20
Site 145° | 318°
T2-  Near Diffuser 18.1 1.6 1031 155 402 150
o South 164°- | 284°
P5-  South Mixing 16.3 0.7 1146 159 6,786 1250
Zone Boundary 276° 56°
T3~  Near Diffuser 17.9 0.6 1220 142 227 275
290° 18°
T4 - SE of Toasa 20.5 3.1 1254 | 97 to >32,000 1200
Rock (near 289° 130° 163 (Not Detected)
Mixing Zone
Boundary)
P6-  SSEof 19.8 2.3 1419 126 264 100
Diffuser 271° 75°
P7-  SSEof 17.9 2.3 1536 144 327 100
Diffuser 277° 128°
P8 - SE of Diffuser 17.9 0.6 1612 160 892 350
near Reef 246° g0°
T5- NNE 8ide of 18.4 2.8 1648 143 403 100
Diffuser 271° 9(°
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The 4 ports on the diffuser face in alternating directions and the plume is
detected on both sides of the diffuser. Essentially no dye or wastewater was
detected at sampling sites 150 feet northeast of the diffuser, towards the reef
face.

At 0908, Transect T-1 was conducted at a depth of 35 meters (115 feet)
along the south mixing zone boundary, and no dye was detected. Profiles
P3 and P4 were conducted south of the diffuser, and the wastefield was
detected at a minimum measured dilution of 833:1 approximately 650 feet
south of the diffuser (Figure 3-8).

The lowest dilution (123:1) recorded during the study was measured on
Profile P4 while sitvated directly over the outfall diffuser.  This
measurement appears to be taken directly in a plume prior to the completion
of initial dilution. The diffuser configuration (four 5-inch ports spaced 50
feet apart on alternating sides of the diffuser) and the discharge depth (176
feet) results functionally in four separate single port discharges. Merging of
the four plumes does not occur immediately, which enhances the initial
dilutions achieved. The 123:1 measurement is believed to have been within
one of these individual plumes.

Between 1025 and 1048, Transect T-2 was conducted at a depth of 47
meters (155 feet) starting from the diffuser and ending near Toasa Rock
(Figure A-5 in Appendix A). This transect measured dilutions ranging
between 722:1 and 1177:1, at distances of 500 to 600 feet south of the
diffuser. Transect T-3 was conducted at similar depths, and located closer
to the reef to the east (Figure A-7 in Appendix A). The minimum
wastewater dilution measurements recorded on Transect T-3 are plotted in
plan view in Figure 3-9. These measurements show the wastefield was
being transported at depth, directly to the southeast and parallel with the
reef. Transect T-3 was ended because the path was headed directly for
Toasa Rock. The vessel was repositioned on the southeast side of Toasa
Rock and Transect T-4 was conducted in an effort to reacquire the
wastefield, however no dye was detected on Transect T-4,

Starting at 1415 Profiles P6, P7, and P8 were conducted as drifting profiles
from the diffuser site heading to the south-southeast parallel with the reef
(Figures A-9, A-10, and A-11 in Appendix A). The minimum wastewater
dilution measurements recorded on Profiles P7 and P8 are plotted in plan
view in Figure 3-10. These measurements indicate that the wastefield
continued to be transported at depth, to the south-southeast, and parallel with
the reef.

Between 1640 and 1700, Transect T-5 was conducted at a depth of 45 meter

(150 feet), starting from the diffuser and heading east towards the reef
(Figure A-12 in Appendix A). This transect measured dilutions ranging

3-14



N
™,
@123
Joimt Cannery M

Quirfall Diltuser

150
N

0 1,961

0 935

NO dye-ko 833

* No dye

O No dye
@ No dye

E 264,000

LEGEND {SAMPLING DEPTHS)
@ SAMPLE BELOW 125 FEET
O SAMPLES BETWEEN 100-125 FEET
* SAMPLES BETWEEN 75- 100 FEET
(059} CURRENT METER ARRAY
N 7
\
\.

Figure 3-8

DILUTION MEASUREMENTS
ON PROFILES P-3 AND P-4
FEBRUARY 17, 1993; 0945-1012




N,
\)/
Joint Cannery ™,

Quttali Ditfuser

150

DEPTH CONTOURS IN FEET

LEGEND (SAMPLING DEPTHS)

® SAMPLE BELOW 125 FEET

& CURRENT METER ARRAY

AP
[ /#7)

i
Figure 3-9
DILUTION MEASUREMENTS

ON TRANSECT T-3:

FEBRUARY 17, 1993:; 1210-1245

—




Joint Cannery —_
Ourralt Diffuser ‘

N 327
® 334
528

SCALE IN FEET ]
DEPTH CONTOURSE IN FEET

@ 8,158

14,277 @

LEGEND (SAMPLING DEPTHS)

® SAMPLE BELOW 11256 FEET
O  SAMPLES BETWEEN 100-125 FEET

& CURRENT METER ARRAY

/ e

Fagure 3-10

DILUTION MEASUREMENTS
ON PROFILE P-7 AND P-8;
FEBRUARY 17, 1993; 1530-1625




between 512:1 and 865:1, at distances of approximately 200 feet east of the
diffuser.

~The results summarized above, and provided in more detail in Appendix A, provide
sufficient data to evaluate the diffuser performance during the non-tradewind oceanographic
season. The data can also be used to demonstrate the reliability of the initial and
subsequent dilution model predictions. Conclusions concerning diffuser performance and
mixing zone adequacy as well as recommendations for the second dye study are presented
in Section 4 below.
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Section 4

CONCLUSIONS AND RECOMMENDATIONS

The primary objective of the dye study was to provide direct measurements of the effluent
plume. This is a key element of the NPDES permit conditions. The overall goal of the
permit conditions is to verify compliance with the American Samoa Water Quality Standards
(ASWQS). Information from the dye studies can be used to verify the calculations,
assumptions, and model predictions used to develop the zone of mixing (ZOM). Complete
verification includes consideration of the wastefield transport model predictions of ambient
concentrations of effluent constituents throughout the harbor. This complete verification will
not be done until after the second dye study is complete, monitoring results have been
provided by American Samoa EPA, and the model verification condition of the NPDES
permits is accomplished,

The results of the first dye study can be used to examine compliance with the ASWQS in a
limited fashion and to validate predicted diffuser performance. Conclusions based on the
data collection and analysis of the dye study and recommendations regarding the second
scheduled dye study and the subsequent model verification study are discussed below.

CONCLUSIONS

This section provides conclusions based on the results of the February 1993 field dye study
in three areas: [1] comparison of field measurements with previous model predictions of
diffuser performance and initial dilution achieved, [2] comparison of field measurements with
previous model predictions of subsequent dilution, and 3] comparison of field measurements
with required dilution at the mixing zone boundary. In addition the data collected have been
used to assess many of the assumptions made about the physical environmental parameters
in the harbor, harbor circulation and mixing processes, and the transport of the Joint
Cannery Outfall wastefield. These assumptions were used in the development of the outfall
location and mixing zone geometry.

Oceanographic Conditions

The important physical conditions in the harbor include current speed at the diffuser, overall
circulation in the outer harbor in and adjacent to the ZOM, and the density gradients in the
harbor. During the outfall feasibility and ZOM studies conservative assumptions were used
to develop the outfall location and ZOM. Data collected during the dye study generally
confirm the assumptions and conclusions used, and safety factors employed, for development
of the outfall location and mixing zone geometry (see CH2M HILL, 1991a and 1991b).



Current Speeds. Inifial dilution models assumed zero current speeds at the diffuser as a
conservative approach (lower dilutions than actually expected). Actual current speeds, under
non-tradewind conditions near the seabed in the area of the diffuser were found to be about
2 cm/fsec. The zero current assumption appears to be conservative as expected.

The currents assurned for the subsequent dilution models were low (0.05 cm/sec). Actual
currents measured at mid-depth, at a fixed location near the diffuser, were found to be 15
to 20 cm/sec at the depth of the plume in the area of the diffuser. The drogue trajectories
indicate currents at the depth of the plume, over a wider area, were on the order of 2.5 to
4 cm/sec. The mid-depth current meter appears to have been located in an area of relatively
fast currents. Current speeds seem to decrease significantly with depth and towards the reef
wall.

The currents assumed for subsequent dilution appear to have been low. The low current
assumption for the subsequent dilution model was not necessarily conservative. However,
the effect of current is far more pronounced on initial dilution than on subsequent dilution.
The overall currents measured match the assumptions used in the modeling in general and
the modelling appears to have been conservative, resulting in underpredicted values for
dilution.

Current Directions. Current direction (and speed) show no correlation with tides, as
expected. This can be seen by visually comparing Figures 3-1 (tide) with Figures 3-3 and
3-4 (currents). A more comprehensive comparison will be done during the model
verification study. The currents do, however, show a remarkable correlation with wind
direction. The wind shifted from the northeast to northwest at about 1030 (Table 3-2). The
current direction for the mid-depth station shifted at the same time and the direction at the
deep station shifted with about a one hour lag (Figure 3-4). This is precisely the behavior
expect of a wind dominated system with the geometry of Pago Pago Harbor. The
assumption of a generally wind driven system is further confirmed by these data. The
observed current directions are consistent with expected behavior as well.

Circulation Patterns. During the feasibility study no preferential direction was assumed for
the circulation in the vicinity of the diffuser for generating model predictions of effluent
concentrations throughout the harbor. Current patterns were examined in the context of
diffuser siting. Based on available data it appeared that the general circulation would result
in a net seaward advective flux of material, at depth, in the vicinity of the selected diffuser
location.

The wastefield transport modeling analysis was carried out based on known loadings and
measured concentrations of total nitrogen and total phosphorous throughout the harbor. It
was further predicted that the effluent plume would be trapped at the depths where the net
flux was outward. Since the wastefield transport model was based on a depth averages
source, the model did not account for a biased seaward transport and was therefore
considered conservative (prediction of higher concentrations than actually expected).
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The drogue trajectories indicate a net outward flux at the trapping level of the plumes. For
non-tradewind conditions the model assumptions are conservative, as expected. Although

_there appears to be a difference between the current meter records and the drogue tracts,
they are actually in good agreement. It must be remembered that the current meters are
recording flows at fixed points and do not represent currents at other locations. The further
away from the meter station the drogues are located the less agreement there should be
between them and the meter data. This is particularly true as the reef wall is approach
because the reef will strongly influence the direction of the current. Therefore, some
inconsistency between the meters and the drogues is not unexpected.

Even with the differences described above there appears to be good consistency between the
current meters and the drogue trajectories. During northeast winds the mid-depth current
meter appears to be in the same layer of water as the drogues (and the trapped plume).
During the northwest winds the mid-depth meter is in an intermediate layer of water, moving
as a return flow generally opposite to the wind direction under the influence of the adjacent
reef wall. Under these conditions the drogues appear to be in a deeper layer more associated
with the near bottom current meter. These kinds of changes in circulation, and layers of
flow, were expected and described roughly in the feasibility study (CH2M HILL, 1991a).
The plume trapping in the seaward flowing layers under both conditions is considerably more
conservative than the basis used for the model predictions.

Density Stratification. It was previously assumed, based on available data, that the non-
tradewind conditions would result in weaker density gradients than the trade wind conditions.
Stronger gradients tend to inhibit initial dilution by forcing the plume to trap at deep levels.
This limits the available time the initial dilution process can continue. Therefore stronger
gradients were generally used as a conservative approach to initial dilution calculations.

Weaker gradients are more likely to allow the plume to surface, which is not a desirable
feature. The gradient observed during the non-tradewind conditions was approximately the
strength assumed for the tradewind (strong gradient) conditions with a change in Sigma-t of
about 0.4 between surface and bottom (see CH2M HILL, 1991b and Table 3-1 above). This
indicates that the plume should stay trapped below the surface even in non-tradewind
conditions. The initial dilution predictions will still be conservative because they are also
based on zero current speed.

Diffuser Performance

The diffuser appears to be performing as expected. Model runs of the diffuser under actual
field conditions will not be done until the mode] verification study. However, based on the
model runs done previously (CH2M HILL, 1991a and 1991b) the initial dilution and trapping

depth appear consistent with predictions for similar environment parameter values.

Trapping depth appears to be somewhat deeper, probably about 20 to 40 feet, than expected.
Initial dilutions appear to be as good or better than the predicted values under similar
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conditions. The model predictions are based on flux average dilution across the plume and
many of the dye study measurements are probably representative of centerline dilutions.
- Examination of the approximate plume averages using the data in Table 3-4 indicates that
the model predictions were, as expected, conservative but within a factor of less than 2.

The lowest dilutions measured were over 120:1 directly over the diffuser. These data
appears to indicate this is a minimum (centerline) value and within the plume just as it exits
the diffuser.  Although this does not rigorously confirm the details of the plume
concentration distribution, it does provide strong evidence that the model predictions can be
used with confidence to define toxicity mixing zones as was the basis for un-ionized
ammonia described in the NPDES permits. The general predictive ability of the initial
dilution model used appears to be reliable; more detailed verification will be done during the
model verification study. '

Subsequent Dilution

Subsequent dilution of the effluent plume, following the rapid initial dilution, appears to be
higher than model predictions. Figure 4-1 shows all dilution measurements below 10,000:1
as a function of distance from the outfall. This data set indicates a subsequent dilution along
the plume centerline of on the order of 20:1 between the end of initial dilution and the
mixing zone boundary. This is about what the model predicts for very low current speeds.
Model predications for higher current speeds, as observed in the field, would be less than
this. Therefore, the model predictions appear to be conservative.

Compliance at the Mixing Zone Boundary

Figure 4-1 was prepared from the data collected during the dye study to examine, on a
preliminary basis, the overall validity of the model predictions used to determine the ZOM
and implications for compliance with ASWQS at the ZOM boundary,. Since actual
concentrations of constituents are not considered in this study, quantitative compliance
criteria is not assessed. The modeling done during the feasibility study (CH2M HILL,
1991a) predicted that water quality standards would be met throughout the harbor if a
dilution of approximately 1200:1 could be achieved at a mixing zone boundary set at 1300
feet from the diffuser or the 30-foot depth contour whichever was closer. The diffuser and
ZOM location and geometry were designed to meet these criteria. The results of the study
indicate that the diffuser is performing as planned and the ZOM location and geometry are
meeting the objectives as follows:

o No dye was detected at the 30 foot depth contour. The plume centerline was
typically trapped 100 feet or more below the surface.

® The data indicate that a dilution of 1200 was achieved at less than 800 feet
from the diffuser.
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° The data indicate that minimum dilutions of over 4000 and less than 7000 are
expected at the mixing zone boundary.

~The dilutions measured were somewhat higher than anticipated. The plumes from the
diffuser were very difficult to track past about 200 meters. Therefore, only a few
measurements of dilution at the mixing zone boundary were made. Most attempts to
measure dye at the mixing zone boundary resulted in no detectable dye concentrations
(corresponding to dilutions of > 25,000:1). The second dye study, in August/September
1993, will attempt to find and measure the plume at distances near the mixing zone
boundary.

"The conditions (current speed, density profile, flow, etc.) are not the same as "worst case"
conditions assumed during the initial modeling. However, it appears that the EPA initial and
subsequent dilution models used during the feasibility and design process are conservative
by a factor of about 1.5 to 2. The model predictions for plume behavior will be verified
using measured conditions and dilution during the modeling verification task to be done
following the second dye study.

The dye study results confirm the diffuser performance and the criteria on which the ZOM
was based. Compliance with water quality standards, for a particular level of diffuser
performance, was based on predictions made using our wastefield transport model. Final
confirmation of compliance with water quality standards throughout the harbor is based on
water quality monitoring results being conducted by ASEPA. The wastefield transport model
predictions will be subject to verification, based on these monitoring results, after the second
dye study is completed and monitoring data are received.

RECOMMENDATIONS

The non-tradewind dye study was successfully executed and provided sufficient data to meet
the study objectives. It was very difficult to track the effluent plume to the ZOM boundary.
This was an indication of the good diffuser performance, good mixing characteristics in the
area of the ZOM, and rapid wastefield dispersion. It would be useful, for purposes of model
verification, to obtain more information at a distances between 600 and 1300 feet from the
diffuser. This would fill in the area on Figure 4-1 to the right of the concentration of data
points. To achieve this it is recommended that higher dye concentrations be injected and the
second dye study concentrate on the farfield region close to the ZOM boundary.

Other than attempting to detect dye at greater distances no additional substantial changes are
suggested for the dye study to be done during tradewind conditions. Other recommendations
of a minor nature include: acquisition of additional background density profiles before,
during, and after the dye measurements, additional and more comprehensive wind data
collection, and development of a method to better estimate StarKist effluent flow rates out
of the surge tank. These items will be included, as appropriate, in the revised study plan
to be submitted for review to USEPA and ASEPA.

4-6



Section 5

REFERENCES

CH2M HILL, Inc. Engineering and Environmental Feasibility Evaluation of Waste Disposal
Alternatives. Final Report prepared for StarKist Samoa, Inc. March 1991a.

CH2M HILL,Inc. Site Specific Zone of Mixing Determination for the Joint Canner Outfall
Project: Pago Pago Harbor, American Samoa. Technical Memorandum prepared for StarKist
Samoa, Inc. and American Samoa Environmental Quality Commission. August 1991b.

Fluid Metering, Inc. Operations Manual for FMI Model RP-SY Valveless Metering Pump.
Oyster Bay, New York. 1988.

" InterOcean Systems, Inc. Users Manual for S4 Current Meter. San Diego, California. 1991,

Motorola Inc. Operations Manual for Mini-Ranger III System (MRS HI). Scottsdale, Arizona,
1687.

Sea-Bird Electronics, Inc. Operating Manual for Seacat SBE19 Conductivity, Temperature,
Depth Recorder. Bellevue, Washington. 1989,

Turner Designs. Monograph’Series: Fluorometric Facts. Mountain View, California. 1977.

Turner Designs. Operating and Service Manual for Model 10-AU Fluorometer. Mountain
View, California. 1992.

Wilson, James, et. al. Fluorometric Procedures for Dye Tracing. United States Geological
Survey, Washington D.C., 1991.



APPENDIX A

DILUTION STUDY FIELD DATA



S JOIN ¥ 0L | Laby) co €0 1888 | velil G9EL 8L 6180 74
£8ET £ g1 . l8°€8 | 1848 2] 48 FANS 0i80 £c
Gi5 a5 v's L3ER | 2elL eablL Sit 0i80 oc
B6E A 8L 18'€8 | gril obrL G2i 6080 \e
Ser 'L €L 18°€8 sel 6080
F4:14 o901 ol L8'E8 | TTLt Bevk T4 6080 ozc
FA R g6 86 0e'se | Lg'E8 221 8080
ope 88 1'6 08°GE | Le'E8 . Led 8080
504 o 4 vy 08’58 | I8E8 | 2ELL Elbl t443 2080 61
BUI 188d Y 52| SE€5 g5 8’5 0E'SE | /8't8 [44} 9080
ault Aong 1| /38 Ve g'e 02'GE | LB'EB | L1t 210 43 451t 9080 18
Lbg 88 1’6 og'ge | L9EB FA=3" 5080
£€9 Ly &% cE'SE | LB'ES | BIL cBEL 151 S080 FAS
ove ee £'E L8°E8 51 v080 "Bap 0 “Bap op)
801l L2 82 /8'E8 £91 $080 1298/ 9°g | des/o &6y [Buiqgy s 1esnpia) g-d
aun|d Jo N0} SebEL 20 20 L0'5g | pO'bE | SOLL EBY1 Let S50 al
aur) Aong Jo ms Y gov| ££8 o' g'e S0'GE | L1'b8 | 6691 [41:3 48 gel ¥SL0 SE
aur Aong JO MS ) 008 | 048 [ 3 2’8 80'GE | 96'C8 | 6691 4514 ogt 8540 ¥l
8¢ 8L 8 B80°SE  B6'ER | ELLL 8ivl eel 0S.L0
shonqised y 00z | veY 69 vz 60'SE | 26'E8 | £LLL 8ivi £glL 8KL0 £l
BiE 6L L8 CO'E8 | LOLL S0r1 EEl vi0 2l
awt Aong 1sed Y 05| L85 98 LS SL'SE | Z6°E8 | LEL) BEL gl ivL0 Li
aur Aong | 1Ly ¥'e g9 Cl'SE | 26'E8 | 2lLl CLEL £EL ari0
0S| 2eg9 v :3-4 QL'GE | 96°ER | 2Ls) 2LElL vel grL0 oL
awnyd JoIRO| 105¥L a0 20 EL'P8 | 6201 capt FA%Y £ELO 6
eLbs S0 g0 91'sg | L' | 189 (3421 alt LELD 8
198N JO MS W SL1 | 295E 80 80 Si've | 2801 Gebi Sl 6240 ya
18SNRIQ IO MS Y 003 | 2071 1’2 94 SI'vg { 6891 g1yl St 82.L0 9
898 g'e ve SI'SE | LL'v8 | bROL vorl =19} 82L0 G
12STA O MS Y 05 LgEl A 12 S1'P8 | €891 L6EL 181 LeL0 14
Jesniqly| 988y o't g’ ¥1'SE | SL'P8 | 8891 0LEL alt RLO
1esyIg LY | 8242 1 (3 ¥1°'¥8 | 8891 04E} 520 £
"} 002 1BSANIA JO 3N | 9ZLEL €0 0 OL'SE | bLbE | L3891 £9E1 438 veLo| "Dap lpe "Bap pe) (s o1 N Bumyirq) 2
4 00€ 198nYI(] J0 INY 6/621 0 FAl) 8l'SE | 61°VB | vOLL BEEL 1438 €210 998w 5'g( vosjwa gl [Buigay angtesmng| -4 11
E LIV T (jusurainseapy (qdd) (qdd) {1dd) |{g'Gap)} ¢ apon } apog (1aa)) |swy]| uonoang uoloang| abeig uonesoy uonEISE "ON
PiaLyreniug) Bupeay | ‘usouop [Aiuneg| ‘dwe) yidaq pue psadg} pue peadg | apry Bujdwes d
oley uoRniq PB)984I00) akg () seoueislg  |Bundwes ITETH o) PUUETH o)
Wy aInje)aduwai | painseapy uonebiaey wonog| wdep-puy

Apnig uonnjig Aisuues uop
£66) '£1 Alenigeg paljos|io) sluaweainseap plol-

[-v 8jqe}




=] Xe1or 005y 20 Lo BFSE | 09'V8 | VL) 5651 9 8980 [*}°4
0052 005 0 1’0 SP'Ge | 09°P8 | PELL L¥S1 =4 £580 144
MS ¥ 008 | EbiB2 oogy <0 4] o9b'se | erye | GELi 605} oy 0580 o3
MS U} 008 | £256€ 00s¥ <0 Lo BYGE | ZEPB | ¥ELL £8¥1 85 680 FA 4
9886¢ 00sP ¢0 1’0 Bp'SE | BTVE Ge 41
6922 005 (8] 1o LV'SE | L2°V8 | LELL £9P1 Ve ar80 5]
aur] Aong Jo MS 3 004 | £868E 000F 10 10 ob’'5E | €2°P8 | SLLL Gyl 06 SpBO oy
alun|d 2A0QY | 6EBBI 000y g0 e0 OP'GE | £2°F8 | LOLL Sivk 06 EVB0 62
€99 000F (L] 08 EY'GE | 20bE | 668L (34148 SOt eyso 21
628 o000 8’y 8t o¥'sE | 20'v8 501 2¥380
auIy dong uo| 989 000y 8’5 8'g 0¥’'sE | 20'v8 | 6691 i6EL S0L L80
3] 000F 8y 8y vp'se | LO'PR 501 L+80 P
gge 000y g1l S vy'SE | LOPB | O0LL v8cl S01 arsn
488 cooy oL g0 y¥'se | 108 S01 0y80 ag
Y 0S| 8565k ¢oo¥ €0 o] ¥y'sE | LO'P8 | 6691 8LEL g01 o¥80
2SLEL 000¢ g0 0 vy'se | 10'vE | ¥BIL 69€1 S04 8EBO e
00| 08552 [1¢]¢]4 20 20 YP'GE [ 9198 | 1341 evel GOt Q£80 £
89021 Q05T €90 £0 LE'ER | L1691 era s €01 6280 £
aur Aong jo MS U 05| 89021 oose €0 £0 £8'€8 | 1691 [t 48 €01 6280
9852 00se ¥l ¥l : FA E£01 6280 e
6902 005t L 84 LB8EB £0L 8280
S6S1 0058 g'e £e LB'ER | 60L) pLby 413 8280
aurjAong Wi §ig 005¢ 8’9 oL LB'ER | 2041 1044 611 4280 e
SLS Q0S¢ 1's €9 L8°E8 | ¥OLL 2681 &Ll 9280 0g
049 00se ¢S ) f8'ER | 20LE S6EL 8Ll 5280 B¢
£e8 005¢ 84 Py L8°E8 | GOLE 88ElL 6L1 SeRO
vEe 00se 1313 sel L8°ER 6Lt j 4]
EVe 005€ ¥l el L8°€8 | G041 981 611 reBo 8c
162 00se gLl Fr4t LEER | LOL) L8€1 61} £¢80 12
gzb 00se ¢'8 98 LB'EB | LOLL a/gl 6L ceB0
BuUlTJOo 3N Y 05| 969 005t 0's -] L3'ER | BELL viEl 513 1280 a9z
2938 005t i'p v L8'E8 | OLLE Q9g1 611 0280
8911 oose oe Ve LS'ER | LLLL 1< 13 6 0280 [*74
aury deng| z8. 00sE -4 9y L8E8 61 5180 g WSYIG! 2-d
SJUBLLWIOS {iuswainsespy {qdd} {gdd) {qdd) (1dd} |QBep}| ¥ epon | apon {tes)) jouni| uonoang ucijoang| abelg [EL11:50 g uvotiels| ‘op
piaienu]) | usouon | Buipesy | uaouon jAnues] dwej yidag pue paadg} pue pasdg| epl] Bundweg d
oley uonnjicy a8lqg ETRET Tg) akg (w) saouesig  |Buydweg JUBHLND juenny
WINUIULY {eng  |aunperadwa] [painseapy volebiaep wonog| yidep-piyy

Apmig uopng Alsuuesy julof
£661 ‘21 AENIGD P109jj07) SIUBWSINSER PIBI

-vajqel




A4 4 0059 Svi vat BP'GE | 8L°ER | EVL) LEbL s 6301 |¥a
aur] dong ised Y 06} 9sb 0059 eyl 151 8r'St | 8L°E3 8514 BZ03
6L 0059 9'El 'L 96°€8 [ SLLL 8ivl g5t 220 Aang ooy ol
¥ELL 0059 ?'S §'5 I5'SE | 96'€8 | 214} £BEL szl azo) 'Bap vz “Bap pai BSEO] 1R8N O} 69
£68lc 0058 £0 €0 IS'SE | 96’8 | 8691 piEL scl Geotfoasywo gt oasqwo g |Buigag eug sesndl 2-1 | 89
£ee 0009 L £l L¥'GE | GEER | 9EL) €o5t XA LLO} 29
926 0008 v'e g9 §6'E8 | 9841 1551 ¥4} 0LOL [2Le]
[%:13 8 0009 4 vy G6'E8 | EELL £p§1 gil 0lot [#12)
1961 0009 [ L'e S6'E8 | 0EL1 f4=1% ¥4} 6001 9
aunid Jo peyld) v89s 0009 L0 FA S6'€8 | besl 0Qst £21 2001 £9
8r'Se Sri ool
shong Jo M Y 54} osp 0009 Seh Lel g¥'se | ggeg | L9l leri avl £001 29
69Y 0009 8¢l FArAN £0°p8 ari 2001
14:14 0009 | &1" g3l £0'f8 eyl 200}
aur Aongw| 2iy 0009 L2l 24 eoys | E14t sorl SEL L00} K]
SUOd 18snyig BAD | €88 0009 =1} 4213 £0'#8 | 9691 g6E! iEl 000} 09
sHOd JasnIg A | 00T 0009 &6¢ L'6e £0°b8 r4 40 000}
SHOd 1asnifig 18A0 | 051 0008 oor LBE YS'GE | EOPB | 6691 6E1L La43 6560 {Aong yyY eseo) o} 65
€2l 0009 68 N1 ¥§'GE | £O'PE 443 6s60| ‘Bapgle ‘tep k1 s o1 N Suyuq)
eir 0009 £21 8ch ¥e'SE | EO'VP8 § 668L TLEL ati 6560 )%8s/Wd g'g| 29400 0°gl |Bulgag eng JesnpId| y—d | 8BS
vesey 0009 1’0 [9¢] ye'sE | E0°P8 | 29/4 iegl SPL 0560 15
Aong Wl 1| 82288 0089 (1] L0 £5°SE | S0'vE | 2841 Seal SiL 8VE0 Aong aG
G89.¢ 0055 L0 1’0 0S'SE | 9b'¥8 | ZbLL 6351 6 Lpset “Dep gze ‘Bap g5y }30g eseo| JeaN GG
anbouq Lv| voore 0055 a0 fh] 8r'SE | 64FB | 9EL1 £951 SL SPE0|Jas/n L'gf dasjwo £y |Buiqga) - 1 -oN anfioig iy E-dd | 5
S89.% 00ss (Y1) ] 91’8 | 1861 oLl 09 6£60 £9
S89LE 0055 10 1’0 9i'v8 | LB6L ypit 201 £E60 FA]
652pE 0005 (Y] [ gL'v8 | 2E6L sl £01 £260 X4
652re 0005 [31] (3] gL'v8 | 6481 vLLE <ol 0260 (4]
Gi6LE 0005 o <0 g1’v8 | 6E81L pLLl il Si60 (34
65ere 0009 (3] 3] al'vg | 2ist 6521 9Ll £160 {420y BseO] jO '3) [e17
65evE 0005 Lo 1] 91've | g6l | 6541 (331 oie0f ‘Bapsgie ‘Bap 1y1 Arepunog auoz ¥
6529 0005 L0 1o 91°'v8 | 9941 LY SHY 8060 |08s/wo 2| dasswio £781 |BuiqqgiBuipy Yinog seap -1 | 9%
sjuawWng Quowamsesyy |  {(gdd) (qdd) (add) | (dd) |(3-Bep)| ¥ epop [ 1 apon (99)) |euni| uopoang| uowang|ebeis uonesoy uonels| "oN
[ETE LT “Uaauon Buipeay | -ussuon |Anuieg] duss) ydaq pue paadg| pue pasdg]| apip Buydueg d
OnEY uoun|iq 8iq Pa1oaI0) adg {w)sasueisiq  |Bujdwes uaung uauns
IR LY feni}  launpesedwa) [painseap uonebaen wonog| yidap-pyN

Apnig uonnjiq Assuue? Jutop
£661 ‘21 Arenigag pajoojja) siuewainsesyy piaid

-V 2Iqel




ui} Aong 1asj1ep uo13e3| B28T 005¢ zl 2t so'vg | p08BL Sobi opl 2zt 68
32 005e b'sL g'sl SO'vg | 86L1L ESVI (429 skr41 88
oge 005¢ 801 801 S0P8 | Gt Fx 440 o148 184
au7 Aong J1ae] 052 00se 1) g'ct SO'¥8 | GiLL J:1 48 el 1841 8
Aong texrep Joise| sos 0ose €11 [ 1" SO'P8 | 854t Eori 9gl FAYA! a3
Aong seyiep jo yuoN | osg 00s€ ot g'el S0'¥8 | §821 veel LEL FAYAS
lhong 1e)iep jo 1383 Y §2] 288 oose 501 v oL S0'p8 | €641 coplL 091 Sigl oe]
88¢ oose 243 0el S0've | 8ELl 18¢e1 09t Slek
Aong saiep jose3| 1.2 00SE 8zl gzl SOP8 | 9¥ll vEEL bl vleh ’ 2
LLIE 005 okl 5°0¢ so'be 8ri ¥igy fong yooy
0169 00se S0 S0 s0'v8 | 92l [H1) zvl €121 "Bap g1 ‘Bap 062 BSBOJ JeaN 0} £8
1esny1g Jo YUON | 682 00se 2t [ s0'pg | 601 8sel 951 0lgl|2as/Wa 9'0| 085/ §°LL| pOOj4 sug esnia; ©-1 | 28
8EBLE 000y L'0 Lo IG'SE | 03'¥8 | 1261 SLLL 191 6SE) 18
EVLB ooop 0 o L5'GE | OL°P3 | 6481 as/1 091 GG 08
20282 ooor [ 1’0 ¥S'G6E | S0'v8 | OV6L 0igl 451 0G1t Arepunog 6/
8ZW JeeN| 9849 0055 80 80 ¥g'ge | SOv8 | Li6l ghLL 651 avil ‘Bap g5 ‘Bep 9.2 auoz Buixipy 74
2228¢ 0055 L'e 1’0 g€5'se | 0L'¥8 ;i 0881 ozl val SPLL2asS/WD £°Q] D0S/I0 £7G1 ] PI] MO| yinog JeaN| g-A4 | S/
LIEY 0009 1's ¥'S 8.°E8 | 5081 FAs {11 g£ch 8¥0}
erolL 0009 a'c L's BF'SE | BL'EB | LOB1 €951 g5 FA-Do]§
VEG 0009 ] 89 8¥'SE | 8L'E8 | 66LL 1551 551 a0l a9/
el 0c09 £'8 88 8¢'SE | 8L'€8 | 6841 vESt S5t SYoL
SeLt 0009 £'G 9'G 8y'SE | 8L'EB | /BL1 £5G1 g5 yroL Gz
6eg 0053 2L c'8 8p'GE | 8428 | £08L E¥S S5t EpoL
9845 0059 E'E <’ BY'SS | BL'ER | 2941 arst GGk 374418
HERNO woi4 Y 005-00y | 889 0059 v'6 ool BY'SE | 8L'E8 | bSLL 6251 G651 8201 ):-74
vel 0059 06 g6 8¥'GE | 8L'ER | 9941 L5t SSt LE0L
pedojdag g oN anboig| ggg 0059 ¥'el 318 8¥Y'SE | 8L°E8 | B6ELL £avl §S1 veol
q8f 0059 v'El vl BY'SE | BLER | BELL 691 §S1 £E0L |59 4
ris 0052 LCh vel BP'GE | BL'ES | £08BL 0ari SG1 cE0
dasaQ y 294 | zov 0059 L'gr [AF A LV'SE | 8L°€8 | EELL L1448 SsS1 LECE
Oc¥ 0059 551 y'ai 8b'sE | 8288 | BCLI 77443 §51 0E01 r A
: 314 0059 ael 1843 8r'Se | 828 | S58L1 BEPL G54 Qg1 Blg 1esnpigE 2-1
S|UBWIoT {iuswainseap {qdd) {qdd) (gdd) fidd) ({4'B=p)| ¥ apon L apog Qo)) |awl| uopodang uonsang| ebeig uoneIn vonelg| -oN
Plojfensy) | cussuop | Buipesy | usouo) (Auunes| ‘dwe) yidag pue paadg| pue paadg| apiy Bujdweg % |
oleYy uonapc kg peyaion akg {w) sesumisig  |Buydweg JLIE 1T weunn
[VTHITTTRITE jenug ainjeladwo | |painseapy uonebinen wonog: ydep—pyy

Apnig uoiinuQ Arauues) Julor
£661 ‘L1 Areniged poloeyo]) SIUBINSINSER PIoly

-V alqeL




vi62 0005 P o't 6Lv8 | 8641 SPSE 313 gevL
8ges 000% 6’0 &0 61'v8 | 2841 reSt £81 8EPH g0t
€LiE 0005 gt g1 GE'P8 | LSLE 08vi L84 SEVL 201
Aong jo1sem Y 001 | 5£8 0008 0’9 L£g 6LP8 | €41 Larl 343 PEVL a0l
L6 0005 ] L6 61°b8 | vPLL orbl g1 g2vl
8E 0005 o'sl vel BLFS | vPLL orvbi 0st geyl
gEe 000S gyl el 608 | 6ELL crbl 24 sk 41 SOl
8l2 Q005 [1:38 L 134 6EL ocv L
voe 000s 681 '8l 61'v8 971 51845
ery 000S L 90} 61'V8 | 6ELI 13 3 734" {300y eseO )
firas 000§ PN [ 81 6LY8 | L3LL [53:10 Skl glvl| ‘Bapgy Bap 18 spremol Buyuq) 2413
1850110 )0 MN | £66EE 000s Lo (] 6198 | 0081 62l oGt Sl 1[0as/Ws £7Z 285w g'6L | poold aug PsmNG| 9-4 § 201
£e6eE 0005 1’0 (] 05°GE { 61°p8 | LIOZ S9./1 16 viEl FA0]N
€66EEC 0005 [ 1’0o 61'v8 | 6861 Sbk/L 0gel Terer 0L
E£66EE 0005 1'0 (W] 618 | Go6t ges! £yl F4%:41 0oL
£66EE 0005 Lo 10 618 vl LLEL
£66EE 0005 L'g 1'Q BL'v8 | 1G6] YELL 951 oLgl 66
£5258 0005 (4] 1o S0'v8 | €202 6581 161 LOEL 86
- £506¢ 0005 L'Q 10 S0'v8 | 0202 68l arl 0oEL
£5¢5¢ 000% (4] 1’0 S0'¥8 | 0202 6v8l £el 00EL 16
£5¢5¢8 0005 1o 1'g SO'vE £91 6521
8Z24¢ 005¥ 1’0 10 S0°'y8 | 020C 6EBL =13 a621| Bap og1 "Bap 682 Aong yooy eseo| 96
g2y 1eaN | g2sie 00sy Lo 1’0 S0'v8 | 2961 S6.1L E£91 PSTL|29s/Wa g | D88AUD 602 POOlH | O ynog purIsel: -] | G
c0ese 000¥ [ [ ] q0'b8 | tos: L4951 Fel Sval 6
19t 000¥ ve v'e S0'v8 | PEL) 9551 g9l byl
89V2 000% gt 9’1 S0'P8 | 208} orsi |9l gvel £6
pauonisodayy [alele; 8'0 g0 SO'P8 viS1 a2l arel
qeey [se]3]-4 80 8’0 S0'v8 | 118} ¥i51 gl SETH
128%¢ 005¢ 1o 1’0 S0°v8 [ 118} €551 121 cEgL 6
Aong sexiey Jo 38| 0%5 oose 5’9 va S0'vg | €18l g6v1 ¥S1 LE2) 16
a5 00se LL oL S0'F8 | 9641 6Lv1 51 9geH
0¢€ oose £ (A3} S0'¢8 | 9641 744" 151 9ZgH 06
862 00se gL gty S0+ | 184t Stbl irl Sech alg lesnyigl g-1
S|uBWWoN (luawamseapy {qdd} {qdd} (qdd) (dd} |(QBap)| vapen L @poDn (188} |euai| uonoang uonaailg | abeig uonesn uotelg| ‘oN
plalpenug) “UBIU0Y Buipeay | ‘usauoqn |Anues | “dwag yideq pue paadg| pue paadg| api] Budureg I
oney uonnjiq ELt| paloenion L] {wysaoursig  [Bujdureg juainng juaiing
(AT [eniuy  [simeiadmia) [peinseapy uonebien wonog|  ydep~piyy

Apnig uonn|ig Assuugs) julop
£661 ‘21 Arenigad peios||o SiuswWeInseal pial4

L-vajqel




L8LOV 0008 1’0 [N 6178 | 5641 86rL ori 5091 621
0L 0008 ¥'S LG 6L'FE | 0221 gipl £91 2081
geo0l Q009 8g g's 61°F8 | 0241 et S91 €09y gzt
56 0008 £9 09 8L'v8 | 8611 2148 jsi21% 0091
gevt 0009 a4 oy -’ 6L°PB | GS/1 £971 agl 0091 {1981 yum
£051 0009 or g€ 61'v8 | 5SZL | g9vL 091 6551 "Bepos "Bap 9/2 121jesed) resnyig FI4}
S/18% 0055 20 20 6L'%8 | ISL1 alvi a0t 8551 088/WD 90| 083/ G /L | poold joiseayinos| g-4 | 9¢1
8518 0009 FAl) L0 6L'¥8 | ¥OLIL L1S1 cgl €551 G2l
sheg 0009 60 60 6L'pe | 1941 6051 PGl 1551 ¥zl
1640V 0009 1’0 1o 6Lv8 | LPLL 16y 51 0551 g2l
g6 0009 £9 09 gi'b8 | 6%L1 275 49 EGL ovsi1 Ft Al
6elL 0009 80 80 6198 | OELL 891 9l S¥S1 (AN
2902 0059 [ oe 6L'v8 § elLl 0051 Sri LYS (174}
88 0058 Vi oL 6l'p8 L¥L 6EGE
9S0H palameT| GZL1 0059 8'G g's 61°P8 | 85it Lipl ast BESH ‘ Bkl
¥5e 00se P'8E =41 BL°P8 | GELL gkl 24 LESH
Leg 0059 66t 68t 6L'v8 ] 0841 21421 i SEGH
Bl JO 58M Y Ob~G2| 089 0059 96 1'e 6L°p8 | 0844 8avi =143 9ESt aLl
fong jo1sapm Y 001 | 25t 0059 a8l azsl GL'v8 | S1LE LEVE ovt EES| FARA
1sap, Buyuq| pre 0059 681 0’81 BLY8 | 2041 (¥4 47 [¢1:41 2861
veE 0059 v'6l S'8L 6LPB | c0Ll %44 ovt CEGE 9Lt
£ee 0059 561 a'g 61°p8 vk 0EG) }I0H BsEO| fEON
9eE 0058 £61 '8l 6P | 5691 ori 124" oest| "Bapazy ‘Bap 222 0] 1asnjj1q woi4 Stt
<GE 0059 581 9Ll 61L'y8 | y69L Zopl svi 0EGL0es/W0 g7g | D853 6 L) | pooly ajoid Bumow; s-4 | ¥LL
61'v8
0Lb01 008% g0 g0 81’y | B2l asri 8¢t £8r! Lt
SL192 0055 0 <0 L1084 Sci a5yl
BUI IR JO JISBM Y 02| 16€ 0055 L'yl Vel SE'bB | 60LE Syl ISE =341 cLt
289 Q00S 6’8 '8 61°v8 | /631 43149 o0sl vl ELL
eell 0005 vy 44 61'v8 | G891 88EL 6vi 3241 01l
§56.E2 Q008 co 20 61°'v8 | 6491 B8/E1 Fa4% Sk 60L
(30 MN ) palo 0005 A 9l GL'PB | BELI SpSi 0gt 6EVL Blg lasnyia| 9-d
SIUBLILIOS (iwawainsvop {qdd) {qdd) {qdd} {idd) (4 Bep)| ¢ apog | 8poD Q1ee)) |oun)| uonvang uoljoen| abeig uoyes0 uollels| ‘oN
PPN “USIUOSY Buipeay | "usauon dws]) ydag pue peadg | pue peads| apig Buydweg 14
oney uonnjg BA(] palsanng ok {w} sacueisiq  Buyduwseg FLEEY3 )7 waunyy
winupy BNy jaineradwia ) jpainseapy uonebien wonog! idap-piw

Apmig uonnig Asuues uop
£661 ‘£ AlEruge- pO1os|jo) SuewWwSaINSERW PIBI4
-V elqeL



6EV9¢C 0005 20 a0 6L'V8 | pSLL varl G 11074 Sl

LELIE 0005 Z°0 20 6L V8 ag 658
20992 000S Lo 1’0 61'¥8 | 98LL 48EL LIE 9591 G¥l

929/ 0008 £0 £0 6i've | v2Ll 8/€1 ¥4 S591

598 000G 8’5 §'G 6L'va | ¥2LL 8.¢£1 S¥i pS9l
€64 0005 £9 09 6103 [ 9041 poetL arl 591 il

199 0005 9L ¢l 61'v8 | 989l agel syl 2S99k

[-434 0005 86 6 6L°p8 | 9691 asel Sk1 258l
Buil Jo 'N| §6L8E 0005 z0 20 61've | 8891 | psEl 42} 2591 ¥
£9851] 0005 €0 €0 61°'v8 | 9pLl E£6E1L (443 39t P4

£0y 0005 veL gLl 6L'¥8 | L8LL £8€E1 eyl 89
1iey [[BANC JBAN | £GP 0905 oLk S0L 61°v8 | 841 Lael 051 8ral 1548

a8y 0005 £°0L 86 6L'v8 | 9241 eLEl 091 L9
89L 0005 S8 e GI'ys | 9glL eigt 851 aval orlL

onsi 0005 62 a'e 61°p8  0ELL 19EL 0s1 Sval

sul IaIeN-PIN] 85y 000s 6701 ¥ol B81'¥8 | LLLL L9EL orl kot
182 0005 L'8E 8Ll &'ve | osgl G9E 1 6F1 Ev¥91 6CL

shnog tesy | vsg 000S a'sl 8L 6L'v8 | 0691 GOl
sisjepy uelind JO N I 0S| 8681L 000S ¥a o 6l'v8 | 891 rael =13 2ral 19SHYIg jo

86811 0005 y0 ro 6198 | 8491 psel 091 1vat|  Depos “Bap 142 apis IN-YUon) 8L
S181@py Jualng JO N | 54| £9851 Q00s £0 g0 61k | OVSIL ovel 0s1L OF9L[oas/wn g'g| saspud gl (pr) uybi | syoosuriy sasnyin G-1 | ZEL
8920 00ss (] 10 6l'p8 | 6E8Y ciGt £EL gez9l 2704
04b01 0055 50 S0 6l¥8 | 0281 2081 iSt vest SElL
=74 X1 0055 a0 0 6i'b8 | 9v8l 8051 FA=]8 18211 ¥EL

s 0059 20 20 6i'b8 | 828} oSt 14°18 2191

L1 00ss g gc 6L'v8 | 6841 £LvE LSt =g actt
£6ey 0009 ¥i g2l BlL'p8 | B6BLL eivi 051 SigH SEL

5582 0009 €0 Ak} 6L'v8 | 5541 =1 48 551 23:1¢
z6e 0009 X} ¥'9 sLve | s54h  ggpt 09t zlsl 2EL
LLEVL 0009 ¥0 o 6L°v8 | 928l grsi obi 2094 LEL
6ELL 0009 80 80 B8Lv8 | 8l | ogst S5t 9091 8-d | OEL
Sluswon (uawainseay {gdd) {qdd) {qdd) (idd) ({3 6ap)| ¢ epon L apony (1e9)) |aun)| wonoanq uofloaugy| abeig LonEBI0] uoneis| -oN
PlaI4/1entuy) ‘uasuon Buipeay | ‘ussuog [Anuneg) dwea) yidaq pue paadg | pue paadg| api) Bundweg d

oney vonng 8kq pajoanyn 8kq (uf) sasueisig  [Buydwes WaLny waung
wnwrn simeiadwal|painseapy uonebinen wonog| wdep—piyy

Apmig uonnpg Alouuen yuiop
£661 *1 Aenigay paios||0) sluswainseap peig

-V 3IqeL




$5/0-£2£0
‘SALIS ONIMIAAVYS _L-d 3H0Hd
L=y @by

€66l AYVNYE3I4 - AQNLS NOLLAMQ TIW3LNO AHINNVYD LMIOT

ONI YOWYS LSINYVIS ONY
TONI ANYJINOD DNINDYL YOWYS SOA

—
3NIT3EOHS ——7

e sosn 5
OdOSOSYNY

000'508 N ——H—

* 3 4334 —

3IVOS OL LOM

VOWVS NVOIHINY
ANVTIST VIINLNL

HOgYVH
0DVd 0BVd —

31Is
103rodd

sasnq

siaren
Wwe Ny

1100
Aszuuzg 1uror

1334 NI SHNOLNOD HLd30
4333 NI FT4OS

(1334 00€1) . N
ASYNNOF N
3NOZ ONIXINY N

+ 000508 N

T RVAIN0D s

R

! / |LIL

AQ TYTO:

AQT0L08XQd
L s

)

E -

0.

TR



S§G80-7080
'SILIS ONITAWYS 2-d 3N308d ONIE VORYS ASDIEVLS ONY
2-v o.nbiy DN AMYRIOD ONDNDYS YORYS §A
651 AYYNGEE3S - AONLS NOLLATHG TIVHLNO AHINNYO LNIOP
| :
H i 1334 NI SHNOLNOD HLd3Q
1 i e 14339 NEFNOS
i , - TTeme—ll i ve—_ N LWL
/ : .- osE o o S
SO
Sk 000'POT M
[N
m O
™~ ~ ~
8 N
g I
N
N
N
N
<
N
N
N
N
N
N
\
N
N
N
N
A
TN
(4335 00£'H) 7 N
AYVANNOT N
INOZ ONIXI R
//
\
\
\
\
\
Ay
\
\
\ v
v AY
\ \
3NI13LOHS ey \
1 sosm
0dOSOSYNY
| .
e suzion [ 000's0E N
o\\\l Weiiny
13S011Q 12 1IN0
Assuue)d uror
32§ OL LON
V-OAYS NYOIHIAY
ANVTIST Vv IIiNLNL
H0g4yvH N
09vVd 0BDVd —
h |4
1
. /
i ?
‘ /
’
’
/
AQTT0L0EXTd

£6& -Aei-07

113 YITE

i

T s

£0:65:20 13170 I




6£60-8060 B

*SILIS ONITGNVS L= NYHL AYY LS OV
SILIS ONNEIYS fol O pepss o | GIETEE
5% =vE534 - AGNLS NOLLANG TIwHLNO AGINNYD LNIOP E@

1334 NI SHNOLNOD HLJ3a
1333 NI FIVOS

e m
.7 b3
- z
& N
. ~. ~
. T N
\ - N
N
N
N
,/
N
.
N
N
N\
-\
N
(1354 005'1) N
AYYINAOT AN
INOZ DNIXIW \

\..

3M38OHS ——

1 5950
0dOSOSYNY

A0S0 N \ siatam «Lm,i. 000’608 N
\ ﬂ\\! weIny !
I
A 48S044G 1R 41RO S
Arouury 1uror JE—
iE
Lt
3IWOS OL L1ON w
VONYS NVOIHIAY YO , “
GRY 1ST W IIALAL v I ik
v | :m
HOgdvH
4 0OVd 0DV -~ N
~
s LAl
_, aLis h o \
4 2y 3 Loaroud n /
. 7
. . / )
N . Ik
AQOL0TXCe AT NZO

o8 -Kevi-in v i3 WHH0Y )




2LOL -GS0
'SILIS ONIAWYS v-d ANV €-d S37d404d
p-y 2INbI4

‘Ol WORYS LSIHEYLS OGNV

ONIANYANOD ONIHDYH YOWYS SOA

~2wNY834 - AGNLS NOILTHG TIWALNO AE3INNVD LNIOC

3INT3HOHS —N\

L sosm 3
OdOSOSYNY

000°$0E N DI—I

RYAY
%99

“I$

x99
%59

3vOS OL LON

VYOAVS NVOIHIAV
ANVIST VHNLNL

HO8dvH
0DVd 0DV —
<

sia18

\l wesnD

J8sniNg 1R 1IN0
Assuue) Juior

L1333 NI SHOOLNOD HLd3d
4334 NI FWOS

(1334 o0g't]
AYYANNOG
INOZ DNIXIN

+ 000°'50E N

Z

AQ"20£0£XQd

=

ERvErT

BRI

1

H
—
FIEES T

WO >t

/UL

A0 v7E0

€851 ~AR-0Z.

OEI01L0:3L70 TOYINOD )



870L -GZOL
‘S3LIS ONITANVYS ¢-1 LOISNVHL
5~y 2unbid
i85 AH9NE335 - AGNLS NOILOHS NMYILNO AGINNTD LNIOS

TONI YOWYS LSIMHYLS ONY
GNOOD DMINDOVY YOWIVE SDA

N\ : i

D' N emee

@0'592 3+

3NITFHOHS -——

tna sosn X
0OdOSOSYNY

000'50€ ™ Iuni

3TvOS OL LON

YONWYS NYDIHINY
ANVTIST VINLNL

H08dvH
M_ 09OVd 0OVd —
i N

3lis
12o3roud

ss213m
" wasIng

980 111G 1IRIINO
Assuuzy utor

1334 NI SHNOLNOD HLJ3Q
4334 NI FWOS

= 000'508 N

(1334 002"t
AN
INOZ DNIXIKL

—

R |

T

Ll

A'20L0EXAd
€581 VRT3

10 £1200L
1007 €



SGLL -Gyl

‘SILIS ONITIWYS S-d 3 1J0Yd ONI YONYS LSINEYLS ONY
9-v ,wLD@_u_ ONIANYGWIOD ONINDYd YOWYS SOA

2350 AYYNYEId - AQNLS NOILNUG TIVILNO AHINNYD LMOP

1333 NI SHNOLNOD HLd3Q |
1334 NE IS _

——— i e a2 ]

=~ 008 %0z o0t o

11334 002'L) . N
AGYINNOF \
INOZ DMIXIN \

INIBHOHS ——

i sosn) {X]
OdOSOSYNY

R - “
ssosom [ 000'508 N _

// .\V e
Jesniig nejng
\I AJ18UURD 1WIOP

i irem

37v2$ OL 1ON

YOAYS NVOIHINY
ANVIST viinint

P =24
I

HOgHVH
09Vd ODVd —
~

s

. / IIIE

AQ'TQL0EXTd AW IVT  of
€08 ~ARMI-07 I PHZIEDIILYA WULNDT T



Syl -0Ldt

'STLIS ONITINYS mmx.r LO3SNVHL
. !

f- 9N

4

$38L AWwNES3E - AONLS CEIILTNG TITHLN0 AWSNNYD LMIOP

TOME YOWYS LSIAYTLS

DM ANVANDD DMDIDYd TONYS SDA

einig

\

L pp—

00§92 3

1334 NI SENOLNOD HLd3Q
1334 NI FTOS

>
(14333 Q0£"L) /,,
ALVINNOZ N
INOZ ONIXIN \
//
N
3NITBEOHS -7
v sosn [
DdOSOSVYNY
si2lenN 000°50€ N
\|» wasng
JES041Q (1R IINO
Arguugd 107
3WIS 0L LON
VOAYS NYOIHIAY
aNVISI vV IINLAL L |
HOGYVH \
4 09Vd 09Vd — ~ %, N
I o — %~
N (\uf\\ . , N !
i ERRE S // “
103rodd ! AN
/,
\ .
AQTUWL0EXC

OB -AR-ZT BENT:




Svel-0LZL
‘S3LIS ONIMgNVYS 7oL LOISNVYL
g-v 2unbig =
ok ETNEI3S - AGNLS MOILATHO MIYS.000 AYINNYD L
\ /, , !
. S 1333 NI_SHNOLNOO HLd3d
' . Sooh by s 4334 N FTIOS
: i e el iy =— . o_u_o|
< , 4 - - L oot d
N l/!/
R ' _,_ ///./I | i
CYEOE N e - S O'FOE N \
m m m b 1
N -
N -
N
//
N
\
N
N
N
e
14335 0021 R
AHYINNOT N i
AN INOZ ONIXIN \
/ \
\ .
\
\
A i
A P
. e
\
N . \ T B
RE LRI T \ [
3N171350Hs —— ) ) h N F
5
LR $9801 | g
OdOSOSYNY
|
|
\
000'50E zL!A ssmion + 000'508 N
\I Wwasing
o |
85PN 1R 1100 Lty
Asguue) Wior P—
ME
3OS OL LON !
YONWVYS NVOIHINY L , m “
ANVTIST v1INLNL \ ) # =t
N,)k _w
HO0gyvH N
s < 2 ~
,‘ 09Vd 09vd —~ ot 7 h
N i
N . . i _
i “\L 3lls | ;
\;\le\mcs@r@t 1o3royd ;
/
. . / ]

AQ70L08XAd
DE6L-ARMZE ORI FIDL ALY



€571 -Srpl
‘S3LIS ONINGWVS _9-4 340Hd
6-v o.nbig

€881 AYYNE33d - AQNLS NOILMIQ TIv4LNO AYINNYD LNIOP

OMNI VOWYS LSI¥EVLS ONV
TONE ANYGWOD ONINOYE YOWYS

SoA

A

-
3NIT3HOHS —

L sosni K]
OdOSOSYNY

000°60E N |ﬁ|

3OS OL LON

VONWYS NYQIJIAY
ANVIST VIINLNL

HOGUVH
09vd 09Vd —~

sJaremw
wesing

485011 1181100
Assuuey wior

xgol

AN

1334 NI SHNOLNOD HLJ3G
1333 Nt TMOS

i = ¥ ¥ %o

00 G0z oo )

|". 000°S0E N

=7

TSH T X

TS ISVAINGY A

)

RN

zn
<

GRE

S

2

—F

NOSY

/U

A0 £VIOLO
5203 9LV0 DHINGD GV



1
. s god TH0Hd |
NI VS /-d “ONI YOVIYS LSINHYLS OMY
S3Lis © _9 xn@_ ®\5m_n_ M ONE IMYSNOD DMINDYY TYOWYS S04
©H3L <@vNES3d - AGNLS NOLLOUG TIv3LNO LY3NNTD LMOP |
3 . i !
.- . 1334 NI SHNOLNOD HLdIT
11111111111 1333 NOFWOS
\\\\\\\\\\\ T i S— = %]
Tl 00% G0z 007 °
~
S~ 000'V0E M
m ///
P N
1 AN
E N
N
//
N
N
~
N
N
N
N
.
N
N
N
N
N
>
‘\\ //
(133 0EL] - \
AYYANNOF N
INOZ DONIXIN
\
N
\
\
\
%Sl /
\
v
| S
AT
\
A}
3NITZHOHS —— \ vm
£aLx Ll
12
"zt le
tinn s980) [X)
QdOSOSYNY N
|
. ! .
0o0'seE N = siaroM [~ 000'508 N _
\\l weand *
v |
1SN IHG HR1ING Lt 1l
A1auuey ruior T
'k
3IvOS OL LON
ANVIST VIINLNL J
Z
HO8YVH N
09Vd 0DV —
~
~ |
- w i
//, /// \
N /
// N ’
. K I_
N < [ S
AQ'T0L0EXCd A0 8702

63 AR -07

270882033140 TOHINDD ¢




9291 -8G6L

‘SILIS ONITINVS m—xn.n_ 2113084

LL-v aJn

1BV LS ONY
DY TONYS SOA

oM TS
TN TR 2ID2 DN

.

INITIYOHS —

12a, ~9¥NZE35 - LWL NOILNHG TIWHLAC AYINNYD LMIOT

1N s9s
OdOSOSYNY

000'50E N +

* 3N 4330

sso1oM

\| Wwasnd

o
4980711Q 1181100
Asauve wior

3OS OL LON

VONVYS NVOIHINY
ANVISI vINLinL

HOgUVH
0OVd 09Vd —~

JLis
103rodd

1333 NI SHNOLNOO HLd3Q
1334 Nt IWOS
o 3 ot %

o

RN
(1334 0080 N
AYYANNOE ©
INOZ ONIXIN

\

IT 000'S0E N

1

AG20/0EXCS

T

<

TSI AT

5

e SALSVH

L

AIQEYI0,

£68L-AR-08  PTISEIL0ILYO WEINGD >



00/L -0r9t
"SILIS ONITGNVYS 6-1 LOISNVHL
Zl-¥v 24ndi4
£33 Aww. =333 - AONLS NOILNNG TIVELNO AYBNNYD
1334 NI_SHNOLNOD HLdJ30
|||||||||||||||||| 4334 Nt TNOS
e TTeeell i e %
. 008 ooz oot 0
! N
T S 000°VOE N
- LA
g N T
N | B
// _ ,l.“
N
N
//
N
N
N .
N
s /|
! AN
(1339 Q0L \
AYvQNNOE AN i
INOZ DNIXIN \
N
A ]
\
\
\ i
\
. Ly
\
Y T
\
\
INFTILOHS \
A
7
2
1w sosn) [X] ie
OdOSOSYNY
7 I
000508 N[~ .
sJalaN | 000°50€ M
O @\\?Emtao _
JasnIG 1R 1IN0 L’
Aiauurd wior
y I
3OS OL LON !
VOAYS NYOIHINY n_
ANVIST VHNLNL EER
. H
HO8EVH ERRN N _
0OOVd 0Ovd 0, "~
7
; I// N \/,
N A |
i N N , *
‘_ AN | K
\ S /
N / N /
\ / S AN ’
L\ N ;U
AQZ0L0EXAd AN S0

266 -Repmi-zz 55iLPIR FILYQ TONINOD



APPENDIX B

CTD DATA



Joint Cannery Dilution Study

Non-Tradewind Season

CTD Profile in Mixing Zone
(Profile 00 - Raw Data File - Unfiltered)

Date: 2/18/93

Depth Temp Cond | Salinity | Sigma-t
(m) (c) (S/m) {PSU)
0.9 27.609 2,572 14.833 7.424
1.0 27.418 4,763 29.422 18,393
1.1 22.397 5.348 37.447 25.967
1.5 28,827 5.774 35.593 22.636
1.9 28.680 5.816 35.847 22.810
2.1 28,575 5.814 35,909 22.891
2.3 28.668 5,795 35.706 22,708
2.6 28.655 5794 35.712 22,716
2.8 28.628 5.790 35.701 22717
3.2 28.662 5.813 35.836 22.807
3.8 28.672 5.803 35.760 22.746
4.0 28.604 5,823 35.8949 22.911
4,2 28.665 5.810 35816 22,791
4.5 28.616 5.807 35.831 22.819
4.7 28.644 5.816 35.868 22.837
51 28.607 5.823 35.947 22.909
54 28,549 5.843 36.129 23.065
58 28.651 5813 35.845 22.818
6.0 28.578 £.828 36.0086 22.963
6.3 28.642 5.824 35.925 22.881
6.6 28.659 5.806 35,793 22776
7.0 28613 5831 35,997 22.945
7.3 28.549 5.856 36.218 23,132
1.7 28.682 5.808 35,783 22,761
7.8 28.530 5.863 36.285 23.189
8.2 28.646 5.823 35,916 22.873
8.4 28.619 5.824 35,043 22.902
8.8 28,564 5.827 35.084 22.941
9.1 28.604 5.836 36.037 22.978
8.3 28.607 5.836 36.036 22.976
9.7 28,598 5.841 36.080 23.012
10.0 28,596 5.840 36.071 23.006
10,3 28.568 5,841 36.077 23.010
10.5 28.591 5.843 36.095 23.028
10.9 28.610 5.833 36.010 22.955
11.2 28.568 5.854 36.191 23.105
11.6 28.623 5.829 35,979 22.928
11.9 28.588 5.859 36.227 23.132
12.2 28.657 5813 35.840 22.812
12.5 28,572 5.870 36.298 23.184
12.8 28,683 5.806 35.770 22.750
13.1 28.611 5.860 36.203 23.100
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Joint Cannery Dilution Study

Non-Tradewind Season

CTD Profile in Mixing Zone
(Profile 00 - Raw Data File - Unfiltered)

Date: 2/18/93

Depth Temp Cond Salinity | Sigma-t
(m) (c) (S/m) (PSU)
13.4 28.680 | 5.807 | 35.776 | 22.756
13.7 28.607 | 5864 | 36.231 | 23.123
14.0 28668 | 5815 | 35847 | 22.813
14.3 28598 | 5866 | 36.254 | 23.142
14.6 28.704 | 5802 | 35723 | 22.708
15.0 28555 | 5883 | 36.400 | 23.267
15.5 28.809 | 5793 | 35584 | 22.569
15.8 28568 | 5.887 | 36.422 | 23.279
16.1 28.809 | 5.786 | 35536 | 22.533
16.4 28.546 | 5.878 | 36.375 | 23.251
16.8 28.830 | 5791 | 35556 | 22.540
16.6 28680 | 5.806 | 35762 | 22.743
16.5 28.791 5789 | 35570 | 22.564
16.4 28.804 | 5785 | 235531 | 22.531
16.4 28.773 | 5793 | 35612 | 22.602
16.5 28.810 | 5.789 | 35556 | 22.547
16.8 28.735 | 5.792 | 35.634 [ 225631
17.1 28.733 | 5804 | 35716 | 22.694
17.4 28782 | 5.807 | 35702 | 22.667
17.8 28697 | 5.744 | 35.328 | 22413
18.2 20115 | 5.869 | 35.878 | 22.687
18.5 28.769 | 5.803 | 35880 | 22.654
18.8 28642 | 5858 | 36.161 | 23.058
19.1 28.720 | 5806 | 35743 | 22.718
19.4 28655 | 5.873 | 36.257 | 23.126
19.6 28826 | 5781 | 35485 | 22.4890
19.9 28.641 5.880 | 36.318 | 23.176
20.1 28.848 | 5779 | 35.458 | 22.461
20.5 28680 | 5.827 | 35919 | 22863
20.6 28.808 | 5.791 35.566 | 22.556
21.0 28774 | 5800 | 35660 | 22.638
21.2 28.834 | 5795 | 35579 | 22.556
21.4 28826 | 5.797 | 35506 | 22.572
21.7 28.824 | 5.797 | 35602 | 22.578
22.0 28.825 | 5799 | 35812 | 22.584
22.2 28.811 5799 | 35822 | 22.597
225 28792 | 5.802 | 35655 | 22.628
27 28.804 | 5.804 | 35.859 | 22627
228 28.830 | 5.805 | 35649 | 22.610
22.9 28.841 5794 | 35563 | 22.543
23.2 28.806 | 5.797 | 35.610 | 22.500
23.5 28.771 | 5.804 | 35884 | 22657
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Joint Cannery Dilution Study

Non-Tradewind Season

CTD Profile in Mixing Zone
(Profile 00 - Raw Data File - Unfiltered)

Date; 2/18/93

Depth Temp | Cond | Salinity | Sigmat
(m) (c) (S/m) (PSU)
24.0 28.825 | 5.803 | 35637 | 22.604
24.3 28755 | 5720 | 35176 | 22.280
247 29109 | 5.833 | 35633 | 22.505
25.1 20.022 | 5805 | 35504 | 22.438
254 28.961 | 5.805 | 35550 | 22.402
258 28.823 | 5791 | 35555 | 22.542
26.1 28.747 | s5.825 | 35.852 | 22.791
26.5 28.742 | 5849 | 36.020 | 22919
26.8 28795 | 5799 | 35634 | 22.611
27.3 28.707 | 5.822 | 35850 | 22.809
27.7 28.995 | 5779 | 35347 | 22,320
28.2 28720 | 5.812 | 35777 | 22.743
28.5 28.791 | 5.806 | 25685 | 22.651
28.9 28.805 | 5.809 | 35.695 | 22654
29.3 28.813 | 5805 | 35658 | 22.623
29.7 28.801 | 5.807 | 35887 | 22.649
30.2 28.833 | 5799 | 35603 | 22.575
30.5 28.807 | 5.804 | 35659 | 22.626
30.9 28.829 | 5799 | 35804 | 22.577
31.4 28.825 | 5800 | 35615 | 22.587
32.0 28.848 | 5797 | 35580 | 22.553
32.3 28.838 | 5799 | 35598 | 22.568
32.5 28.840 | 5799 | 35507 | 22569
32.9 28.825 | 5.801 | 35622 | 22.502
33.2 28.838 | 5.800 | 35605 | 22.575
33.7 28843 | 5797 | 35580 | 22.555
34.0 28.827 | 5.797 | 35593 | 22.570
34.4 28.826 | 5798 | 35603 | 22.578
34.8 28.813 | 5801 | 35633 | 22.604
35.2 28.818 | 5.803 | 35641 | 22.608
35.5 28.823 | 5.801 | 35624 | 22595
35.9 28.819 | 5.803 | 35.637 | 22.606
36.3 28.802 | 5.804 | 35662 | 22.629
36.6 28.811 | 5.804 | 35651 | 22.619
37.0 28.798 | 5.805 | 356690 | 22636
37.4 28.881 | 5805 | 35604 | 22.560
37.8 28.963 | 5.804 | 35539 [ 22484
38.2 29.046 | 5804 | 35475 | 22.408
38.5 28.758 | 5.807 | 35712 | 22882
38.9 28.764 | 5.808 | 35712 | 22.680
39.3 28761 | 5.807 | 35712 | 22.681
30.8 28745 | 5811 | 35748 | 22714
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Joint Cannery Dilution Study

Non-Tradewind Season

CTD Profile in Mixing Zone
(Profile 00 - Raw Data File - Unfiltered)

Date: 2/18/93

Depth Temp Cond Salinity | Sigma-t
(m) (c) (8/m) (PSU)
40.2 28.747 | 5.808 | 35.726 | 22.696
40.6 28.759 | 5.807 | 35714 | 22683
40.9 28.748 | 5810 | 35.740 | 22.705
41.2 28.725 | 5815 | 35793 | 22.754
41.6 28742 | 5811 | 35750 | 22.716
42.0 28.733 | 5816 | 35791 | 22.750
42.4 28.765 | 5.812 | 35742 | 22.702
427 28739 | 5.817 | 35793 | 22.749
43.1 28752 | 5815 | 35773 | 22.730
434 28.727 | 5.820 | 35822 | 22.775
43,8 28.748 | 5816 | 35778 | 22.734
442 28.713 | 5.820 | 35834 | 22.789
44.5 28.727 | 5815 | 35789 | 22.750
448 28.719 | 5812 | 35775 | 22.742
45.1 28.724 | 5.811 35.767 | 22.735
455 28.696 | 5.815 | 35811 | 22.777
45.9 28709 | 5814 | 35796 | 22.761
46.2 28.730 | 5.810 | 35.755 | 22.724
46.6 28.716 | 5.813 | 35783 | 22.749
46.9 28723 | 5.813 | 35778 | 22.743
47.2 28.724 | 5812 | 35769 | 22.736
47.4 28700 | 5.815 | 35807 | 22.773
47.6 28.724 | 5.810 | 35.756 [ 22.727
47.8 28730 | 5.801 | 35891 | 22876
48.1 28.703 | 5807 | 35.754 | 22.732
48.3 28708 | 5.805 | 35734 | 22.718
48.5 28.702 | 5.805 | 35.738 | 22.720
48.6 28895 | 5805 | 35741 | 22.725
48,7 28.712 | 5.801 | 85701 | 22.689
48.8 28693 | 5.806 | 35750 | 22.732
48.9 28.711 | 5.804 | 35.723 | 22.706
49.0 28.697 | 5.807 | 35758 | 22.737
49.0 28.687 | 5.807 | 35.764 | 22.745
49.2 28673 | 5810 | 35794 | 22.772
49.2 28686 | 5.809 | 35781 | 22758
493 28672 | 5.816 | 35.835 | 22.803
49.5 28692 | 5.808 | 35.767 | 22.745
496 28872 | 5816 | 35834 | 22803
49.7 28704 | 5803 | 35720 | 22.708
497 28677 | 5808 | 35767 | 22.750
49.9 28682 | 5.803 | 35740 | 22.728
50.0 28.690 | 5.801 35.719 | 22.710
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Joint Cannery Dilution Study

Non-Tradewind Season

CTD Prefile in Mixing Zone
(Profile 00 - Raw Data File - Unfiltered)

Date: 2/18/93

Depth Temp Cond Salinity | Sigma-t

(m) (c) (S/m) (PSV)

50.0 28675 5.801 35,731 22724
50.1 28.688 5.800 35.713 | 22.706
50.2 28.659 5.805 35,767 | 22.757
50.2 28.700 5,798 35.699 22.691
50.4 28.682 5.802 35.730 22.721
50.5 28.690 5.803 35.730 22,718
50.8 28.675 5.806 35.762 | 22.747
51.0 28.682 5.805 35.751 22737
51.3 28.682 5.808 35,776 22.755
51.5 28.838 5.815 35.858 22,832
51.9 28.674 5.806 35.764 22.74%
52.2 28.629 5.815 35.865 22.840
525 28.640 5.810 35816 22.800
52.9 28.603 5.817 35.804 22870
53.2 28.626 5.809 35.822 22.809
53.4 28.587 5.817 35907 22.886
53.6 28.615 5,806 35811 22.804
53.7 28.597 5811 35.856 22.844
53.6 28.632 5.797 35.736 22.742
537 28.597 5.799 35.777 22.784
53.7 28.568 5.802 35.817 22.824
538 28.571 5.797 35.777 22.793
53.8 28.542 5.797 35.805 22.824
53.9 28.528 5.797 35.810 22.832
54.1 28,493 5.795 35.828 22,857
541 28.457 £.800 35.890 22.916
542 28.452 5.7¢6 35.860 22.885
54.3 28.441 5.785 35.864 22.902
54.3 28.436 5.796 35.872 | 22.809
54.4 28.413 §.797 35.901 22.939
54.5 28.430 5793 35.858 22.901
54.5 28.425 5.792 35.854 22.899
546 28.418 5.798 35.903 22.939
54,6 28.405 5.800 35.028 22,962
54,7 28.418 5.797 35.897 22.934
54.6 28.418 5,799 35.909 22.943
54.6 28.424 5.797 35.890 22.927
54.7 28.421 5.796 35.882 22922
54.7 28.384 5.800 35.939 22.977
54.7 28.408 5792 35.866 22.914
54.7 28.388 5.799 35.928 22.967
54.8 28.414 5.796 35.891 22.930
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Joint Cannery Dilution Study

Non-Tradewind Season

CTD Profile in Mixing Zone
{Profile 00 - Raw Data File - Unfiltered)

Date: 2/18/93

E)epth mp Cond Salinity | Sigma-t

{m) (c) {S/m) (PSU)

54.8 28.399 5.798 35.914 22.953
54.8 28,404 | 5.795 35.894 22.936
54.8 28.382 5.792 35.891 22.941
54.9 28.413 5.788 35.838 22.891
55.0 28.366 5.802 35,868 23.004
55.0 28.385 5.795 35.009 22,954
55.2 28.364 5,794 35.918 22.968
55.3 28.369 5.789 35.879 22,937
55,5 28.323 5.801 35.997 23.041
55.8 28.365 5.792 35.898 22952
66.1 28.324 5.803 36.010 23.050
£56.3 28.348 5.797 35.948 22.995
56.3 28.319 5.808 36.050 | 23.082
56.3 28,348 5793 35.920 22.974
56.3 28.329 5.793 35.935 22.992
56.3 28.344 5.790 35.903 22.963
56.3 28.330 5.791 35,918 22,979
56.3 28.332 5,789 35.901 22.965
56.3 28.345 5.785 35.887 22.936
56.4 28.342 5,784 35.863 22.934
56.5 28.332 5,782 35.855 22.931
56.7 28.334 5,780 35.840 22.919
56.9 28,303 5778 35.850 22.937
57.1 28.290 5779 35.865 22,952
57.3 28.267 5,780 35.890 22.979
57.4 28,279 5.782 35.896 22.979
57.3 28.277 5.776 35.855 22.949
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Joint Cannery Dilution Study

Non-Tradewind Season
CTD Profile in Mixing Zone at Diffuser
(Profile 01 - Raw Data File - Unfiltered)

Date: 2/18/93

T‘emp Cond Salinity Sigma-t

Depth

{m) (c) (S/m) (PSU)

1.5 29.012 5.755 35.176 22,194
1.3 28.967 5.770 35.312 22.312
1.3 28.997 5.774 36.316 22.305
1.3 29.052 5.771 35.255 22.241
1.3 28,106 5.768 35.195 22177
1.5 29.160 - 5.765 35,135 22.114
1.7 25.044 5.763 35,209 22.209
2.0 29.001 5.768 35.271 22270
26 28,985 5.768 35.287 22.287
3.1 28.980 5.768 35.286 22.288
3.7 28.976 5.768 35.292 22,294
4.2 28,970 5,770 35.307 22.307
4.9 28.967 5.768 35.298 22.301
5.4 28.963 5.764 35.268 22.280
56 28.961 5,766 35.286 22.294
54 28.954 5.762 35.265 22.281
5.4 28.957 5.759 35.243 22.264
52 28.952 5.758 35.242 22.264
5.2 28.956 5.757 35.229 22,253
5.1 28.953 5,754 35.211 22.241
5.1 28,956 5,750 35.183 22.218
5.0 28,954 5758 35.236 22.259
4.7 28.959 5,768 36.305 22.309
4.4 28.956 5.763 35.271 22,285
43 28.961 5.764 35.273 22,285
4.4 28.962 5.762 35.258 22.273
4.3 28.961 5.771 35.320 22.320
4.0 28.963 5.769 35.310 22,312
38 28.95¢9 5.767 35.295 22.302
3.9 28.965 5.765 35.280 22.288
4.0 2B8.956 5.771 35.324 22324
3.7 28.963 5.770 35.316 22.316
35 28.962 5,766 35.286 22,294
35 28.960 5.770 35,313 22.315
3.7 28.958 5.766 35.291 22.299
3.9 28.961 5.766 35.289 22.296
4.1 289685 | 5.767 35.295 22.299
45 28.862 58770 35,318 22.318
5.1 28.957 5,771 35.328 22.327
5.9 28.955 5771 35.325 22.325
6.6 28.953 5711 35,326 22.327
7.6 28,960 5770 35.313 22.315
8.2 28.944 5771 35.334 22.336
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Joint Cannery Dilution Study

Non-Tradewind Season
CTD Profile in Mixing Zone at Diffuser
(Profile 01 - Raw Data File - Unfiltered)

Date: 2/18/93

Depth ?emp Cond Salinity Sigma-t

{m) {c) {S/m) (PSU)

9.0 28.943 5772 .} 35338 22.340

9.7 28.946 5.771 35.332 22,334
10.5 28.944 5771 35.335 22.337
11.3 28,935 5.771 35.338 22,342
12.1 28.839 5771 35.336 22,339
12.8 28.941 5.771 35.335 22.338
13.6 28.942 5.771 35.332 22,335
14.3 28.936 5771 35.339 22.342
15.2 28.930 5.771 35.344 22.348
16.0 28.940 5.771 35.334 22.337
16.6 28.935 5.771 35,339 22.343
17.4 28.938 5775 35,365 22.361
18.2 28.950 5772 35.332 22.333
18.9 28.935 5777 35.376 22.371
19.6 28.948 5.776 35.359 22.353
20.3 28.942 5.775 35.358 22.355
21.0 28.946 5778 35.378 22.369
21.7 28.949 5.778 35.375 22.365
2.5 28.939 5.780 35.397 22.385
23.2 28.951 5.782 35.401 22,384
24.0 28.959 5,783 35.398 22,379
24.5 28,962 5.783 35.401 22.380
252 28.963 5.784 35.404 22.383
259 28.965 5784 35.402 22.380
26.6 28.963 5784 35.407 22,385
27.2 28.958 5.786 35418 22,395
27.9 28.957 5.786 35.421 22.397
28.5 28.960 5.785 35.412 22.389
291 28,957 §5.786 35.419 22,396
29.7 28.951 5.786 35.426 22.403
30.4 28.951 5.786 35.427 22.404
30.9 28.952 5.786 35.428 22.404
316 28.946 5,786 35.429 22.407
323 28.944 5,786 35.429 22.407
32.8 28.942 5.786 35.432 22.410
33.4 28.831 5.787 35.448 22.426
34.1 28.946 5.787 35434 22.411
346 28.939 5.787 35.439 22.417
35.3 28.941 5.785 35.427 22.407
359 28.933 5.785 35.431 22.413
36.5 28.917 5.786 36.446 22429
37.0 28.902 5.786 35.462 22.448
37.7 28.908 5785 35.448 22433
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Joint Cannery Dilution Study

Non-Tradewind Season
CTD Profile in Mixing Zone at Diffuser
(Profile 01 - Raw Data File - Unfiltered)

Date: 2/18/93

Depth Temp Cond | Salinity | Sigma-t
{m) (c) {S/m) (PSU)

383 28.901 5.785 35,453 22.440
38.9 28.895 5.785 35.460 22.447
39.5 28.894 5,785 35.461 22.448
40.1 28.88%9 5,786 35.487 22.454
40.7 28.886 5,785 35.466 22,454
41.1 28.867 5.786 35.487 22.478
416 28.860 5.787 35.494 22.484
421 - 28.865 5,786 35.485 22.476
42.6 28.853 5.787 35.503 22.493
43.1 28.851 5787 35.503 22,494
43.7 28.852 5.787 35.502 22.492
44.2 28.847 5789 35.519 22.508
44,7 28,832 5.789 35.528 22.519
451 28.826 5.795 35.576 22 557
456 28,798 5.789 35.554 22,549
46.1 28.803 5.790 35,556 22.550
46,7 28.799 5.783 35.583 22,571
471 28.799 5.796 358607 22.589
47.6 28.797 5.802 35.648 22.621
48.1 28.852 5.773 35402 22.418
48.6 28.755 5,780 35,522 22.540
48.8 28.803 5.781 35.498 22.507
492 28.787 5,784 35.52% 22.535
49.5 28.791 5.784 35,529 22.533
50.0 28.811 5.784 35.514 22.516
50.4 28.807 5786 35.525 22.525
50.9 28.800 5.787 35.539 22.538
51.3 28.802 5.786 35,534 22,534
51.8 28,803 5,787 35.536 22,535
52.4 28.804 5,786 35,529 22.529
52.8 28.801 5,787 35.534 22.534
53.2 28.799 5.785 35.523 22.526
53.6 28.785 5,782 35,513 22.524
541 28.752 5774 35.481 22.511
54,5 28.642 5.770 35.538 22.580
55.0 28.579 5770 35.582 22.844
55.5 28,543 5.767 35,590 22.662
55,9 28.576 5.764 35.543 22.615
56.4 28.609 5,760 35.495 22.569
56.8 28.641 5,757 35.448 22.522
56.9 28.451 5.765 35.646 22,734
56.9 28.460 5.764 35.633 22.722
56.9 28.455 5.759 35.599 22.698
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Joint Cannery Dilution Study

Non-Tradewind Season
CTD Profile in Mixing Zone North of Diffuser
{Profile 02 - Raw Data File - Unfiltered)
Date: 2/18/93

Depth Temp Cond | Salinity | Sigma-t
(m) (C) (S/m) (PSU)
1.5 29.012 5.755 35.176 22.194
1.3 28.967 5.770 35.312 22.312
1.3 28.997 5.774 35.316 22,305
1.3 29.052 5.771 35.255 22.241
1.3 29.106 5.768 35.195 22177
15 29.160 5.765 35.135 22,114
1.7 29.044 5.763 35.209 122,209
20 29.001 5.768 35.271 22.270
26 28.985 5.768 35.287 22.287
3.1 28.980 5.768 35.286 22.288
3.7 28.976 5.768 35.292 22.294
4.2 28.970 5.770 35.307 22.307
4.9 28.967 5.768 35.298 22.301
54 28.963 5.764 35.268 22.280
56 28.961 5.766 35.286 22.294
54 28.954 5.762 35,265 22.281
5.4 28.957 5.759 35.243 22.264
52 28.952 5.758 35.242 22.264
5.2 28.956 5.757 35.229 22.253
5.1 28,953 5.754 35.211 22.241
5.1 28.956 5.750 35.183 22.218
5.0 28.954 5.758 35.236 22.259
47 28.959 5.768 35.305 22.309
4.4 28.956 5.763 35.271 22.285
4.3 28.961 5.764 35.273 22.285
44 28.962 5.762 35.258 22.273
43 28.961 5.771 35.320 22.320
4.0 28.963 5.769 35.310 22.312
3.8 28.959 5.767 35.295 22.302
3.9 28.965 5.765 35.280 22.288
4.0 28.956 5.771 35.324 22.324
3.7 28.963 5.770 35.316 22.316
35 28.962 5.766 35.286 22.294
3.5 28.960 5,770 35.313 22.315
3.7 28.958 5.766 35.291 22.299
3.9 28.961 5.766 35.2890 22.296
4.1 28.965 5.767 35.295 22.299
45 28.962 5,770 35.318 22.318
5.1 28.957 5.771 35.328 22.327
5.9 28.955 5.771 35.325 22.325
6.6 28.953 5.771 35.326 22.327
7.6 28.960 5.770 35.313 22315
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Joint Cannery Dilution Study

Non-Tradewind Season

CTD Profile in Mixing Zone North of Diffuser
{Profile 02 - Raw Data File - Unfiltered)
Date: 2/18/93

Depth Temp Cond Salinity Sigma-t

{m) (C) {S/m) {PSU)

8.2 28.944 5.771 35,334 22,336
9.0 28.943 5772 35.338 22.340
8.7 28.946 5.771 35.332 22.334
10.5 28.944 5771 35.335 22.337
11.3 28,935 5771 35.338 22.342
121 28.939 5.1 35.338 22.339
12.8 28.941 5.771 35.335 22.338
136 28,942 5771 35.332 22.335
14.3 28.936 5771 35,339 22.342
15.2 28.930 5771 35.344 22.348 .
16.0 28.940 5771 35,334 22.337
16.6 28.935 5,771 35.339 22.343
17.4 28.938 5775 35.365 22.361
18.2 28.950 5772 35,332 22.333
18.9 28.935 5777 35.376 22,371
19.6 28.948 5.776 35.359 22,353
20.3 28.942 5775 35.358 22,355
21.0 28.946 5778 35,378 22.369
21.7 28,949 5778 35.375 22.365
225 28,839 5,780 35.397 22,385
23.2 28.951 5782 35.401 22,384
24.0 28.959 5,783 35.398 22,379
24,5 28.962 5.783 35.401 22.380
25.2 28.963 5.784 35.404 22.383
25.9 28,965 5784 35.402 22.380
26.6 28,963 5,784 35.407 22.385
27.2 28.958 5,785 35.418 22.395
27.9 28.957 5,785 35421 22.397
28.5 28,960 5.785 35412 22.389
29.1 28,957 5,786 35.419 22,356
29.7 28.951 5.786 35428 22.403
30.4 28,951 5,786 35.427 22.404
30.9 28.952 5.786 35.428 22.404
31.6 28.946 5,786 35.429 22.407
323 28.944 5,786 35.429 22.407
32.8 28,842 5.786 35.432 22.410
33.4 28.931 5.787 35.448 22,426
34.1 28.946 5.787 35,434 22.411
346 28.939 5.787 35.439 22.417
353 28.941 5,785 35,427 22.407
35.9 28,933 5,785 35.431 22,413
36.5 28.917 5,786 35.446 22,429
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Joint Cannery Dilution Study

Non-Tradewind Season

CTD Profile in Mixing Zone North of Diffuser
{Profile 02 - Raw Data File - Unfiitered)
Date: 2/18/93

Depth Temp Cond Salinity Sigma-t
{m) {C) (S/m) {PSU)
37.0 28.902 5.786 35.462 22 446
37.7 28.908 5.785 35,448 22.433
38.3 28.901 5.785 35.453 22.440
38.9 28.895 5.785 35.460 22.447
39.5 28.894 5.785 35.461 22.448
40.1 28.889 5.786 35.467 22.454
40.7 28.886 5,785 35.466 22.454
41,1 28.867 5.786 35.487 22.476
418 28.860 5.787 35.494 22.484
42.1 28.865 5.786 35.485 22.476
426 28.853 5.787 35.503 22.493
43.1 28.851 5.787 35.503 22.494
43.7 28.852 5.787 35.502 22.492
44.2 28.847 5.789 35.519 22.508
44.7 28.832 5.789 35.528 22.519
45.1 28.826 5.795 35.576 22.557
456 28.799 5.789 35.554 22.549
46.1 28.803 5.790 35.556 22.550
46.7 28.799 5.793 35.583 22,571
47.1 28,799 5.796 35.607 22,589
478 28.797 5.802 35.648 22621
48.1 28.852 5.773 35.402 22,418
48.6 28.755 5.780 35.522 22.540
48.8 28.803 5.781 35.498 22.507
49,2 28.787 5.784 35.529 22.535
49.5 28.791 5.784 35.529 22.533
50.0 28.811 5.784 35.514 22.516
50.4 28.807 5.786 35.525 22.525
50.9 28.800 5.787 35.539 22.538
51.3 28.802 5.786 35.534 22.534
51.8 28.803 5.787 35.536 22.535
52.4 28.804 5.786 35.529 22.529
52.8 28.801 5.787 35.534 22,534
53.2 28.799 5.785 35.523 22.526
53.6 28.785 5.782 35.513 22.524
54.1 28.752 5.774 35.481 22.511
54.5 28.642 5.770 35.538 22.590
55.0 28.579 5.770 35,582 22.644
55.5 28.543 5.787 35.590 22,662
55.9 28.576 5.764 35.543 22,615
56.4 28.609 5.760 35.495 22.569
56.8 28.641 5.757 35.448 22.522
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Joint Cannery Dilution Study
Non-Tradewind Season

CTD Profile in Mixing Zone North of Diffuser

{Profile 02 - Raw Data File - Unfiltered)

Date: 2/18/93

Depth Temp Cond Salinity Sigma-t
(m) (C) (S/m) (PSU) _
56.9 28.451 5.765 35.646 22.734
56.9 28.460 5.764 35.633 22,722
56.9 28.455 5759 | 35.599 22.698
56.5 28.445 5.764 35.645 22.736
55.9 28.465 5.763 35.623 22.712
55.2 28.497 5.768 35.630 22,707
54.5 28.523 5772 35.641 22,707
53.9 28,573 5778 35.642 22.691
53.2 28.672 5780 35,587 22,617
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Joint Cannery Dilution Study

Non-Tradewind Season
CTD Profiles in Mixing Zone
(Profile 03 - Raw Data File - Unfiltered)
Date: 2/18/93

Depth Temp Cond Salinity Sigma-t
{m) (C) (S/m) {PSU)
1.3 28.912 5,726 35.046 22.131
1.3 28,946 5719 34,976 22.087
1.7 28,955 5724 35.0086 22.086
2.0 28,980 5.723 34.993 22.075
2.0 28.964 5.722 34.980 22.064
2.2 28.969 5720 34.968 22.053
2.3 28.892 5711 34.961 22073
2.5 28.884 5.708 34,932 22.054
286 28.891 5.70¢0 34.949 22.064
2.8 28.884 5714 34.987 22.095
3.0 28.887 5,722 35.038 22133
3.3 28.883 5.727 35,079 22.165
3.6 28.885 5719 35.022 22121
3.8 28.882 5714 34.990 22.098
4.0 28.890 5.708 34.942 22.060
4.1 28.895 5.715 34.984 22.080
4.3 28.804 5723 35.043 22,134
4.5 28.901 5,725 35.048 22135
4.7 28.901 5,714 34,973 22.080
4.9 28.908 5731 35.089 22.164
5.0 28.916 5.721 35.010 22,102
5.1 28.906 5,724 35.041 22.128
5.1 28.912 5.728 35.064 22144
5.2 28.915 5.732 35.09¢ 22162
54 28.916 5,723 35.024 22.113
57 28.920 5725 35.032 22117
58 28.925 5721 35.004 22.095
6.1 28.919 5,730 35.070 22.148
6.3 28.933 5.731 35.084 22137
6.5 28.927 5.726 35.038 22120
6.7 28.832 5.721 34,996 22.086
6.9 28.938 5,718 34,976 22,068
7.1 28.932 5,720 34.989 22.081
7.2 28.934 5721 34.904 22.083
7.3 28.929 5.718 34.987 22.080
7.5 28.937 5719 34.978 22.070
7.7 28.932 5730 35.061 22.135
7.9 28.932 5.740 35.129 22,186
8.1 28.930 5.753 35.217 22.253
8.3 28.931 5.758 35.251 22278
8.8 28,934 5,760 35.264 22,286
9.2 28.936 5.760 35.264 22.286
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Joint Cannery Dilution Study

Non-Tradewind Season
CTD Profiles in Mixing Zone
{Profile 03 - Raw Data File - Unfiltered)
Date: 2/18/93

Depth Temp Cond Salinity Sigma-t

{m) (C) {S/m) (PSU)

9.7 28.937 5,761 35.268 22.289
10.2 28,933 5762 35.281 22.300
10.7 28.940 5762 35.274 22.292
11.3 28.938 5.764 35.286 22.302
11.8 28.940 5,764 35.285 22.301
12.3 28.951 5.764 35.281, 22,294
12.7 28.947 5.765 35.285 22.299
13.2 28.954 5,766 35.263 22.302
13.7 28.955 5.766 35.286 22,297
141 28.946 5,766 35.293 22,304
14.6 28,945 5.765 35,292 22,304
15.0 28.941 5.765 35.291 22,305 -
15.3 28.937 5.765 35.292 22.307
15.8 28.937 5.764 35.288 22.304
16.0 28.926 5.764 35,296 22313
16.2 28.926 5,763 35.286 22.306
16.5 28,920 5.763 35,294 22.314
16.8 28.919 5.763 35,295 22,315
17.2 28.922 5.763 35,292 22.312
176 28.919 5.763 35,204 22.314
18.0 28.922 5,763 35.293 22.312
18.3 28.916 5,763 35,295 22.316
18.5 28.910 5.762 35.294 22.318
18.7 28.906 5.763 35.304 22,326
19.0 28.907 5.764 35.307 22,328
19.4 28.910 5.763 35303 22.324
19.9 28.918 5.763 35.297 22.316
20.3 28.914 5,763 35.300 22.320
20.7 28.909 5.763 35.303 22.324
21.2 28.915 5.763 35.295 22.316
21.6 28.904 5.763 35.304 22,327
221 28.907 5.763 35.299 22,322
225 28.901 5.763 35.308 22.331
229 28.906 5.762 35,293 22.318
233 28.898 5.762 35.299 22.325
236 28.895 5.760 35.293 22,322
24 1 28.872 5757 35.288 22.325
24,3 28.848 5.755 35,287 22.333
247 28.825 5.754 35.299 22.349
25.1 28.826 5.754 35,206 22.347
254 28.833 5.756 35.308 22.354
25.8 28,846 5760 35,325 22.362
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Joint Cannery Dilution Study

Non-Tradewind Season
CTD Profiles in Mixing £Zone
{Profile 03 - Raw Data File - Unfiltered)
Date: 2/18/93

Depth ?emp Cond Salinity Sigma-t
{m) {C) (S/m) {PSU)
26.2 28.852 5,761 35.327 22.361
26.5 28.853 5,761 35.323 22.358
26.8 28.857 5.761 35,327 22,359
27.2 28.857 5.762 35.328 22.3681
276 28.865 5,762 35,325 22.355
28.0 28.856 5.765 35.349 . 22.377
28.3 28.873 5,767 35354 22,375
28.6 28.888 5.768 35.352 22,368
28,8 28.891 5,768 35.334 22.354
28.9 28.897 5.768 35.344 22.358
29.1 28.906 5772 35.354 22.371
29.4 28.916 5772 35.358 22.363
20.7 28.91¢ 5773 35.361 22.365
28.9 28.915 5771 35.350 22.357
36.0 28.914 5772 35.353 22.380
30.0 28.915 5.772 35,353 22.360
30.2 28.908 5775 35.380 22.382
30.5 28.913 5776 35.382 22.383
30.8 28,916 5775 35.374 22.375
30.9 28.918 5775 35.377 22.377
3.2 28.917 5776 35.380 22.379
314 28.822 5775 35.370 22.370
316 28.915 5.775 35,374 22.376
316 28.918 5774 35.368 22.370
31.6 28.916 8775 35.377 22.378
31.4 28.909 5776 35.386 22,386
31.3 28.917 5.775 35.378 22.378
31.1 28.913 5.776 35.383 22.383
311 28.915 5.775 35.376 22377
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Joint Cannery Dilution Study

Non-Tradewind Season
CTD Profile in Mixing Zone
{Profile 04 - Raw Data File - Unfilterec)
Date: 2/18/93

Depth Temp Cond Salinity Sigma-t
(m) {c} (S/m) (PSU)
4.7 28.733 | 5.663 34.744 21.963
5.3 28.742 §.742 35.285 22.367
5.9 28.890 5.759 35.291 22.322
6.3 28.952 5.762 35.268 22.283
7.0 29.014 5.766 35.244 22.245
7.7 29.076 5.769 35.221 22.207
8.2 29.002 5.771 35.290 22.284
8.8 29.000 5770 35,283 22279
9.3 28.999 5770 35.284 22.280
9.8 28.999 5771 35.290 22.285
10.2 29,001 5,770 35.285 22.280
10.6 28.998 5.71 35.282 22.286
11.1 29.001 5711 35.290 22.284
11,6 28.999 5.770 35.286 22.282
11.9 298.000 5,769 35.279 22,276
12.2 28,996 5.771 35.291 22.286
12.5 28.001 5770 35.285 22.280
12.8 25.001 5.771 35.289 22.283
13.2 20.005 5.771 35.290 22.282
13.7 29.001 5.773 35.303 22.293
14.2 29.003 5775 35.315 22.302
14.6 29.014 5777 35.318 22.300
15.2 29.016 5777 35.322 22.303
15.8 29.019 5777 35.321 22.301
16.2 29.014 5,777 35.324 22.305
16.6 28.016 5778 35,326 22.308
171 29.013 5777 35,323 22305
17.4 29.017 5776 35.313 22.296
17.8 29.012 5778 35.326 22.307
18.3 28.998 5778 35.341 22.323
18.7 29.001 5,778 35.339 22,321
19.3 28.004 5,778 35.336 22.317
19.8 29.002 5.778 35.337 22.319
20.2 29.000 5,778 35,338 22.320
20.7 28.095 5779 35.346 22.328
21.2 28.899 5778 35,340 22.322
21.7 28.995 5778 35,343 22,326
221 28.000 5778 35,339 22.321
22.6 28.996 5,778 35,342 22.324
23.1 28.995 5778 35.341 22.324
236 28,987 5777 35.342 22.328
24.2 28.981 5.777 35.344 22.331
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Joint Cannery Dilution Study

Non-Tradewind Season
CTD Profile in Mixing Zone
(Profile 04 - Raw Data File - Unfiltered)
Date: 2/18/93

Depth Tap Cond Salinity Sigma-t

{m) {c) (S/m) (PSU)

2486 28.983 5777 35,339 22.327
251 28.977 5776 35.342 22,331
25.6 28.975 5776 35.340 22.330
26.2 28.969 5775 35.340 22.332
26.7 28.9568 5.775 35.349 22.343
27.2 28.957 5775 35.345 22.340
27.8 28.953 5775 35.348 22.342
28.2 28.954 5.773 35.337 22.335
28.8 28.946 5773 35.342 22.341
29.3 28.940 5.773 35.347 22.347
29.8 28.941 5772 35.334 22.337
30.4 28.939 5,772 35.340 22.342
30.9 28,632 5772 35,343 22.347
31.4 28.927 5771 35.342 22.348
32.2 28.925 5772 35.345 22.351
323 28.927 5,771 35.337 22.343
32.5 28,919 8.770 35.337 22.347
325 28.921 5771 35.343 22.350
323 28,919 5772 35.352 22.358
31.8 28.930 5772 35.344 22,348
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Joint Cannery Dilution Study

Non-Tradewind Season
CTD Profile in Mixing Zone
(Profile 05 - Raw Data File - Unfiltered)
Date: 2/18/93

Depth Temp Cond Salinity | Sigma-
{m) {C) {S/m) (PSU)
1.0 28.806 0.507 2513 -2.113
1.2 28.758 1.917 10.504 3.853
1.2 28.768 5.677 34.814 22.004
1.4 28.777 5,853 34.643 21.873
1.8 28.783 5716 35.072 22,193
2.2 28.782 5720 35.100 22.214
2.8 28.787 5721 35.108 22.218
33 28.797 5725 35.12¢9 22.231
3.8 28.810 5,730 35.149 22.241
4.4 28.822 5.741 35,217 22.289
5.0 28.814 5.746 35.259 22.323
55 28.798 5.758 35.351 22,398
5.9 28.795 5.755 35.334 22.386
6.3 28.852 5747 35.238 22.295
6.3 28.791 5.755 35.338 22.380
6.4 28.800 5.752 35.309 22.365
6.8 28.813 5,756 35.325 22,372
7.0 28.796 5755 35.334 22,385
7.3 28.818 5,760 35.354 22.393
7.4 28.812 5732 35.161 22.250
7.5 28.825 5.726 35.108 22.207
7.5 28.916 5738 35,126 22,189
7.5 28,822 5729 35.137 22.229
7.5 28,876 5.744 35.195 22.254
7.5 28.811 5.739 35.214 22.291
7.5 28.811 5.734 35.173 22.259
7.5 28.811 5.737 35.185 22.276
7.5 28.836 5749 35.264 22.319
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APPENDIX C

CURRENT METER DATA



Joint Cannery Dye Study
Non-Tradewind Season

S4 Current Meter Data at Mid-Depth in Mixing Zone

(Depth: 100 ft - Raw Data File - Unfiltered)
Date: 2/16-17/1993
InterOcean Systems, Inc. Model $4 Current Meter #08231812

Speed Dir Cond 'Temp Salinity Density
{em/s) (deqg) {mS/cm) (C) {PSL) (Kglm“:&)
15.1 05 57.00 28.68 35,04 1022.21
19.7 283 57.00 28,72 35.01 1022.16
2/16/93 17:23
19.3 276 57.00 28.68 35.04 1022.21
18.0 53 57.00 28.72 35.01 1022.16
18.9 253 57.00 28.72 35.01 1022.18
2/116/93 17:53
17.8¢ 41 57.00 28.72 38501 1022,16
16.6 54 57.00 28.72 35.01 1022,16
19.3 263 57.00 28,72 35.01 1022.16
2/16/93 18:23
17.3 37 57.00 28.68 35,04 1022.21
8.2 72 57.00 28.68 35.04 1022.21
17.7 240 57.00 28.68 35.04 1022.21
2/16/93 18:53
18.7 53 56.80 28.58 34,98 1022.19
15.5 51 56.80 28.53 35.01 1022.23
16.3 54 56.90 28.58 35,05 1022.24
2/16/93 19:23
17.4 224 56.70 28.48 34,98 1022.22
17.0 225 56.90 28.58 35.05 1022.24
17.6 29 56.80 28,53 35.01 1022.23
2/16/93 . 1953
18.3 37 56.80 28.58 34.98 1022.19
19.3 42 56.80 28.83 35.01 1022,20
15.7 56 56,90 28.68 34.97 1022.15
2/16/93 20:23
17.5 199 57.00 2B8.68 35.04 1022.21
5.1 283 57.00 28.63 35.08 1022.25
18.5 23 57.00 28.72 35.01 1022.16
2/16/93 20:53
18.7 30 57.00 28.68 35.04 1022.21
7.4 88 §7.00 28.68 35.04 1022.21
17.6 201 57.00 28.68 35.04 1022.21
2/16/93 21:23
9.8 266 57.00 28.68 35.04 1022.21
17.9 18 57.00 28.68 35.04 1022.21
13.4 52 56.60 28.63 35.01 1022.20
2/16/93 21:53
17.8 192 56.90 28.63 35.01 1022.20
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Joint Cannery Dye Study
Non-Tradewind Season

$4 Current Meter Data at Mid-Depth in Mixing Zone

(Depth: 100 ft - Raw Data File - Unfiltered)
Date: 2/16-17/1993
InterOcean Systems, Inc. Model S4 Current Meter #08231812

Speed Dir Cond Temp | Salinity | Density
{cm/s) {deg) {mS/cm) {C) (PSU) (Kg/m*3)

17.9 200 56.90 28.63 35.01 1022.20

16.3 225 56.80 28.58 34.98 1022.19
2/16/93 22:23

17.8 335 57.00 28.58 35.12 1022.29

17.5 341 56.80 28.58 34.98 1022.19

17.9 347 56.80 28.58 34.98 1022.19
2/16/93 22:53

18.6 358 56.80 28.58 34.98 1022.19

16.6 126 56.80 28.53 35.01 1022.23

18.1 155 56.80 28.53 35.01 1022.23
2/16/93 23:23

18.2 165 56.80 28.53 35.01 1022.23

16.5 170 56.90 28.63 35.01 1022.20

16.8 177 56.90 28.58 35.05 1022.24
2/16/93 23:53

16.4 193 56.90 28.63 35.01 1022.20

15.6 266 57.00 28.68 35.04 1022.21

20.5 330 56.90 28.63 35.01 1022.20
2/17/93 0:23

21.4 342 57.00 28.68 35.04 1022.21

21.1 342 57.00 28.68 35.04 1022.21

20.4 11 57.00 28.68 35.04 1022.21
2M17/93 0:53

15.3 122 57.00 28.68 35.04 1022.21

14.5 160 57.00 28.68 35,04 1022.21

14.1 162 57.00 28,68 35.04 1022.21
2/17/93 1:23

15.1 195 57.00 28.68 35.04 1022.21

205 202 57.00 28.68 35.04 1022.21

20.7 317 57.00 28.68 35.04 1022.21
2117/93 1:53 '

21.2 329 57.00 28.68 35.04 1022.21

20.4 336 57.00 28.68 35.04 1022.21

19.6 352 57.00 28.68 35.04 1022.21
2/17/93 2:23

20.1 9 57.00 28.68 35.04 1022.21

16.3 6 57.00 28.68 35.04 1022.21

15.0 124 57.00 28.68 35.04 1022.21
2117/93 2:53

14.3 139 57.00 28.68 35.04 1022.21

14.8 147 57.00 28.72 35.01 1022,16
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Joint Cannery Dye Study
Non-Tradewind Season

54 Current Meter Data at Mid-Depth in Mixing Zone

(Depth: 100 ft - Raw Data File - Unfiltered)
Date: 2/16-17/1993
InterOcean Systems, Inc. Model $4 Current Meter #08231812

Speed Dir Cond ?emp Salinity Density
(cm/s) {deq) (mSicm) {C) {PSU) {(Kg/m*3)
15.2 175 §7.00 28.68 35.04 1022.21
2/17/93 3:23
15.6 178 57.00 28.72 35.01 1022.16
19.8 249 57.00 28.88 35.04 1022.21
19.4 284 57.00 28.72 35.01 1022.16
2M17/93 3:53
18.5 293 57.00 28.68 35.04 1022.21
18.8 307 57.00 28.68 35.04 1022.21
18.1 315 56.90 28.72 34,94 1022.11
2/17/93 4:23
-~ 18.2 320 56.90 28.68 34.97 1022.15
17.8 325 56.90 28.68 34.97 1022.15
17.8 331 56.90 28.68 34.97 1022.15
2M17/93 4:53
18.0 331 56.90 28.68 34.97 1022.15
17.9 344 57.00 28.72 35.01 1022.16
17.3 341 58.90 28.68 34.97 102215
2/17/93 5:23 :
17.4 338 57.00 28.72 35.01 1022.16
17.5 346 56.90 28.68 34.97 1022.15
16.7 354 §6.90 28.68 3497 1022.15
2/17/93 5:53
17.9 51 56.80 28.63 35.01 1022.20
18.7 108 56.80 28.63 34,94 1022.15
18.3 118 £6.80 28.63 35.01 1022.20
217793 6:23
18.8 125 56.90 28.83 35.01 1022.20
17.9 125 56.80 28.83 34.94 1022.15
17.8 130 56.90 28.88 34.97 1022.15
2117193 6:53
17.3 139 56.90 28.68 34,97 1022.15
17.8 138 57.00 28.68 35.04 1022.21
17.8 132 56.90 28.68 34.97 1022.15
2/17/93 7:23
18.4 134 56.80 28.68 34.97 1022.15
18.5 137 56.90 28.68 34.97 1022.15
19.1 136 56.90 28.68 34.97 1022.15
2/17/93 7:53
19.0 137 57.00 28.68 35.04 1022.21
18.3 140 56.90 28.63 35.01 . 1022.20
18.4 139 56.80 28.63 35.01 1022.20
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Joint Cannery Dye Study
Non-Tradewind Season

$4 Current Meter Data at Mid-Depth in Mixing Zone

{Depth: 100 ft - Raw Data File - Unfiltered)
Date: 2/16-17/1993
InterOcean Systems, Inc. Model $4 Current Meter #08231812

Speed Dir Cond f'I't-zmp Salinity Density
(cm/s) (deg) {mS/cm) () {PSU) {Kg/m*3)
217793 8:23

18.7 142 56.90 28.63 35.01 1022.20

18.5 144 56,90 28.63 35.01 1022.20

19.2 144 56.90 28.63 35.01 1022.20
2/17/93 8:53

18.3 141 56.90 28.63 35.01 1022.20

18.3 141 56.90 28.63 35.01 1022.20

18.3 139 56.90 28.83 35.01 1022.20
2/17/93 9:23

17.8 153 56.90 28.683 35.01 1022.20

17.4 157 56.90 28.63 35.01 1022.20

17.7 158 56.90 28.63 35.01 1022.20
2/17/93 9:53

17.9 151 56.80 28.63 34.94 1022.15

18.0 145 56.90 28,63 35.01 1022.20

19.0 148 56.80 28.63 34.94 102215
2/17/93 10:23

18.1 264 56.80 28.83 34,94 1022.15

17.6 271 56.90 28.63 35.01 1022.20

17.7 263 57.00 28.68 35.04 1022.21
2117193 10:53

17.9 254 56.90 28.63 35.01 1022.20

18.1 260 56.90 28.68 34.97 1022.15

17.6 269 56.90 28.68 34.97 1022.15
2/17/93 11:23

17.3 265 56.80 28.68 34.90 1022.10

16.6 273 56.90 28.68 34.97 1022.15

16.3 276 56.80 28.68 34.90 1022.10
2117193 11:53

16.7 282 56.90 28.868 34.97 1022.15

17.9 290 57.00 28.72 35.01 1022.16

18.3 288 56.90 28.68 34.97 1022.15
2/17/93 12:23

18.5 283 56.90 28.68 34.97 1022.15

18.3 283 £6.90 28.68 34.97 1022.15

209 289 57.00 28.72 35.01 1022.18
2/17/93 12:53

20.5 289 57.00 28.72 35.01 1022,16

204 291 57.00 28.77 34.97 1022.12

20.1 291 57.00 28.77 34.97 1022.12
2/17/93 13:23
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Joint Cannery Dye Study
Non-Tradewind Season

S4 Current Meter Data at Mid-Depth in Mixing Zone

(Depth: 100 ft - Raw Data File - Unfiltered)
Date: 2/16-17/1993
InterOcean Systems, Inc. Model $4 Current Meter #08231812

Speed Dir Cond Temp | Salinity | Density
{cm/s) (deg) {mS/cm) (C) (PSU) {(Kg/m*3)
19.8 285 57.00 2877 34.97 1022.12
19.8 288 57.00 28.77 34.97 1022.12
19.6 270 57.00 28.77 34,97 1022.12
2/117/93 13:53
18.6 279 56.80 28.68 34.90 1022.10
19.0 278 56.80 28.68 34.90 1022.10
19.8 271 £6.80 28.68 34.90 1022.10
2/17/93 14:23
19.2 271 56.80 28.68 34.90 1022.10
19.2 278 56.90 28.72 34,94 1022.11
18.6 277 56.80 28.68 34.90 1022.10
2/17/93 14:53 : :
18.4 270 56.80 28.68 34.90 1022.10
18.2 271 586.80 28.68 34.90 1022.10
18.8 271 56.90 28.72 34.94 1022.11
2/47/93 15:23
18.8 270 56.80 28.68 34.90 1022.10
17.9 277 56.80 28.68 34.90 1022.10
17.6 273 £6.90 28.68 34.97 1022.15
2117193 15:53
17.9 284 56.80 28.63 34.94 1022.15
17.9 278 56.80 28,63 34.94 1022.15
18.0 259 56.80 28.68 34.90 1022.10
217/93 16:23
18.4 268 56.80 28.68 34.90 1022.10
17.8 266 56.80 28.68 34.90 1022.10
18.4 217 56.80 2872 34.87 1022.06
2/17/93 16:53
18.2 272 56.80 28.68 34.90 1022.10
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Joint Cannery Dye Study

Non-Tradewind Season
$4 Current Meter Data Near Bottom in Mixing Zone
(Depth: 170 ft - Raw Data File - Unfiltered)
Date: 2/16-17/1993
InterOcean Systems, Inc. Model 84 Current Meter #08231813

Speed Dir Cond Temp Depth Salinity Density
(cm/sec) | (deq) {mS/cm}) (C) (meters) (PSU) {Kg/m~3)
2/16/93 16:53
2.4 35 57.60 28.33 51.32 35.70 1023.04
2.4 48 57.50 28.33 51.32 35.63 1022.98
2.4 35 57.50 28.33 51.32 3563 1022.98
2/16/93 17:23
1.1 45 57.50 28.33 51.25 35.63 1022,98
1.5 344 57.50 28.33 51.25 35.63 1022.98
2.8 356 57.50 28.33 51.18 35.63 1022.98
2/16/93 17:63
3.5 336 57.50 28.33 51.18 35.83 1022.98
27 343 57.50 28.33 51.18 3583 1022.98
4 323 57.40 28.33 51.18 35.56 1022.93
2/16/93 18:23
35 317 57.40 28,33 51.11 35.56 1022.83
3.2 325 57.40 28.28 51.11 3580 1022.97
3.5 329 57.40 28.28 51.05 3580 1022.97
2/16/93 18:53
2.7 343 57.40 28.28 51.05 3580 1022.97
4.8 315 57.40 28.28 51.05 3560 © 102297
4.4 344 57.40 28.28 50.98 35,60 1022.97
2/16/93 19:23
2.7 318 57.40 28.33 50.98 35.56 1022.93
2.4 5 57.40 28.33 50,98 35.56 1022.93
5 326 §7.40 28.24 50.91 35.63 1023.02
216193 19:53
2.4 318 57.40 28.24 50,84 35.63 1023.02
0.3 135 57.40 28.33 50.84 35,56 1022.93
0 0 57.40 28.33 50.84 35.56 1022.93
2/16/93 20:23
0.8 180 57.40 28.33 50,77 35.56 1022.83
1 217 57.40 28,33 50.77 35.56 1022.93
1.5 157 57.40 28.33 50.77 35.56 1022.83
2/16/93 20:53
0.8 270 57.40 28.38 50.70 35.52 1022.88
08 162 57.80 28.38 50,70 35.59 1022.94
0.4 243 57.40 28.38 50.70 35,52 1022.88
2/16/93 21:23
0 0 57.40 28.38 50.70 35.52 1022.88
1.4 180 57.40 28.33 50.64 35.56 1022.93
0.6 108 57.40 - 28.33 50.64 35.56 1022.93
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Joint Cannery Dye Study

Non-Tradewind Season
§4 Current Meter Data Near Bottom in Mixing Zone
{Depth: 170 ft - Raw Data File - Unfiltered)
Date: 2/16-17/1993
interOcean Systems, Inc, Model S4 Current Meter #08231813

Speed Dir Cond Temp “Depth Salinity Density
(cmisec) | (deg) {(mS/cm) (C) (meters) {(PSU) {(Ka/m*3)
2/16/93 21:583
0.7 124 57.40 28.33 50.64 35.56 1022.93
0.4 90 57.40 28.33 50.64 35,56 1022.93
0.4 153 57.40 28.33 50.64 35.56 1022.93
2/16/93 22:23
0.6 252 57.40 28.33 50.64 35,56 1022.93
1.1 225 57.40 28.33 50.57 35.56 1022.93
1 270 57.40 28.33 50.64 35.56 1022.93
2/16/93 22:53
0.7 236 57.40 28.38 50.57 35,52 1022.88
04 270 57.40 28.38 50.64 35.52 1022.88
0.4 0 57.40 28.38 50.64 35.52 1022.88
2/16/93 23:23
0.7 214 57.40 28.38 50.64 35,52 1022.88
1 101 57.40 28,33 50.64 35,56 1022.93
0.7 34 57.40 - 2838 50.64 3552 1022.88
2/16/93 23:53
1.4 82 57.40 28.33 50.70 35.56 1022.93
1.8 77 57.40 28.33 50.70 35.56 1022.93
1.6 97 57.40 28.33 50.70 35.56 1022.93
2/17/93 0:23 ,
0.7 148 57.40 28.38 50.70 35.52 1022.88
0.9 117 57.40 28,38 50.77 35.52 1022.88
04 90 57.40 28.38 50.77 35.52 1022.88
2/17/93 0:53
0.9 117 §7.40 28.38 50.77 35.52 1022.88
0.2 90 57.40 28.38 50.84 35.52 1022.88
086 225 57.40 28.43 50.84 3549 1022.84
217/93 | 123
1.2 90 57.40 28.43 50.91 35.49 1022.84
0.7 304 57.50 28.38 50.91 35.59 1022.94
0.9 243 57.40 28.33 50.91 35.56 1022.93
2117193 1:53
0.6 0 57.40 28.43 50.98 35.49 1022.84
1.6 353 57.40 28.43 51.08 35.49 1022.84
1.3 342 57.40 28.38 50.98 35.52 1022.89
2M7/93 2:23
1.8 333 57.40 28.43 51.05 35.49 1022.84
1.5 286 57.50 28.43 51.05 35.56 1022.89
1.6 277 57.50 28.43 51.11 35.56 1022.89
2/17/93 2:53
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Joint Cannery Dye Study

Non-Tradewind Season
S4 Current Meter Data Near Bottom in Mixing Zone
{Depth: 170 ft - Raw Data File - Unfiltered)
Date: 2/16-17/1993
InterOcean Systems, Inc. Model 84 Current Meter #08231813

Speed Dir Cond Temp Depth Salinity Density
{cm/sec) | {deg) {(mS/cm) (C) {meters) (PSU) {(Ka/m*3)
0.8 284 57.40 28.43 51.11 35.49 1022.84
1.6 0 57.40 28.38 51.11 35.52 1022.89
1.8 <] 57.40 28.43 51.1 35.49 1022.84
217193 3:23
08 45 57.50 28.48 51.18 35.52 1022.85
0.2 0 57.50 28.48 51.11 35.52 1022.85
1.2 0 57.50 28.43 51.18 35.56 1022.89
2/17/93 3:53
1.4 352 57.50 28.53 51.18 35.48 1022.81
04 243 57.50 28.48 51.18 35.52 1022.85
1.6 180 57.50 28.53 51.18 35.48 1022.81
2M17/93 4:23
0.8 0 57.60 28.53 51.25 35,55 1022.86
1.8 13 57.50 28.43 51.28 35.86 1022.89
2.2 333 57.50 - 28,43 51.18 35.56 1022.89
2/17/93 4:63
1.8 311 57.50 28.48 51.18 35,52 1022.85
1.1 292 57.50 28.48 51.18 35.52 1022.85
0.4 243 57.50 28.48 51.18 3582 1022.85
2/17/93 5:23
0.6 315 57.50 28.48 51.18 35.52 1022.85
2.8 0 57.50 28.48 51.18 3552 1022.85
2.4 0 87.50 28.48 51.18 35.52 1022.85
2/17/93 5:53
3.3 327 57.50 28.48 51.18 35,52 1022.85
1.2 351 57.50 28.48 51.11 35,52 1022.85
3.3 317 57.60 28,53 51.11 35.55 1022.86
2/17/93 6:23
2.3 329 57.50 28.48 51.11 3552 1022.85
3.3 322 57.60 28.48 51.05 35.59 1022.9
2.7 324 §7.60 28.53 51.05 35,55 1022.86
2/17/93 6:53
286 328 57.860 28.53 51.05 35.55 1022.86
3.3 327 57.60 28.53 51.05 35.55 1022.88
2.5 331 57.60 28.53 50.98 35.55 1022.86
217/83 7:23
35 347 57.60 28.53 50.91 35.55 1022.86
39 345 57.60 28.58 50.91 35,52 1022.81
2.8 356 57.60 28.58 50.91 35.52 1022.81
2/17/93 7:53
2.6 4 57.60 28.58 50.84 35.52 1022.81
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Joint Cannery Dye Study
Non-Tradewind Season

S$4 Current Meter Data Near Boitom in Mixing Zone
(Depth: 170 ft - Raw Data File - Unfiltered)
Date: 2/16-17/1993

interOcean Systems, Inc. Model $4 Current Meter #08231813

Speed Dir Cond Temp Depth Salinity Density
(cm/sec) | (deg) {mS/cm) {C) (meters) (PSU) (Kg/m*3)
26 0 57.60 28.53 50.84 35,55 1022.86
0.7 326 57.60 28.48 50.84 35.59 1022.9
2/17/93 8:23
1.3 288 57.60 28.53 50.84 35,55 1022.86
0.8 270 57.60 28.53 50.77 35.55 1022.86
1.4 270 57.60 28.53 50.77 35.55 1022.86
2/17/93 8:53
1 281 57.60 28.53 50.77 3555 1022.86
24 318 57.60 28.53 50.70 35.55 1022.86
37 324 57.60 28.48 50.70 35.59 1022.9
2117193 9:23
36 322 §7.60 28.53 50.70 35.55 1022.86
31 310 57.60 28.53 50.70 35.85 1022.86
3.1 328 57.60 28.53 50.64 35.65 1022.86
2/17/93 9:53
3.6 322 57.60 28.53 50.64 35,55 1022.86
3 318 57.60 28.53 50.57 35.55 1022.88
2 307 57.60 28.53 50.57 35.55 1022.86
2/17/93 10:23
1.6 284 57.60 28.53 50.64 35.55 1022.88
1.6 270 57.60 28.53 50.64 35.55 1022.86
1.2 261 57.60 2853 50.64 35.55 1022.86
2/17/93 10:53
0.6 270 57.60 28.53 50.64 35.55 1022.86
0.2 180 57.50 28.53 50.64 35.55 1022.86
0.6 0 57.60 28.53 50.64 35.55 1022.86
2/17/93 11:23 '
0.6 18 57.50 28.53 50.64 35.48 1022.8
0.6 45 57.60 28.53 50.54 35.55 1022.86
0.7 56 57.60 28.53 50.64 35.55 1022.86
2/17/93 11:53
0.8 72 57.60 28.53 50.64 35.55 1022.85
0.8 18 57.80 28.53 50.70 35,55 1022.86
0.8 76 57.60 28.53 50.77 35.55 1022.86
2/17/93 12:23
1.8 80 57.60 28.53 50.70 35.55 1022.86
2.1 118 57.60 28.53 50.77 35.55 1022.86
1.9 148 57.60 28.58 50.77 35,82 1022.81
2/17/93 12:53
3.1 130 57.60 28.83 50.84 35.48 1022.77
3.8 128 57.60 28.58 50.84 35.52 1022.81
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Joint Cannery Dye Study

Non-Tradewind Season
S4 Current Meter Data Near Bottom in Mixing Zone
(Depth: 170 ft - Raw Data File - Unfiltered)
Date: 2/16-17/1993
InterOcean Systems, Inc, Model $4 Current Meter #08231813

Speed Dir Cond Temp Depth Salinity Bensity
(cm/sec} | (deg) {mS/cm) (C) {meters) (PSU) {Kg/m*3)

1.8 84 57.60 28.53 50.84 35.55 1022.86
2/17/93 13:23

1.8 g0 57.60 28.53 50.98 35,55 1022.86

2.2 80 57.60 28.53 50.91 35,585 1022.86

2.3 52 57.60 28.53 50.¢8 * 35.55 1022.86
2/17/93 13:53

2 45 57.50 28.53 51.05 35.48 1022.81

2.3 38 57.60 28.53 51.05 35.55 1022.86

2.3 75 57.60 28.53 51.05 35.55 1022.86
2/17/93 14:23 |

2.2 85 £7.60 28.53 51.11 35.55 1022.86

3 90 57.60 28.53 51.11 35.55 1022.86

3.8 80 57.60 28.58 51.18 35.52 1022.82
2/17/93 14:53

3.2 86 57.60 28.58 51.18 35.52 1022.82

37 112 57.60 28.53 51.18 35.55 1022.86

4.2 121 57.60 28.58 51.25 35,52 1022.82
2/17/83 15:23 _

4.7 118 57.60 28,58 51.25 3552 1022.82

2.3 128 57.60 28.58 51.25 35.52 1022.82

2.2 153 57.60 28.58 51.25 35.52 1022.82
2/17/93 15:53

0.7 124 57.60 28.58 51.25 35,52 1022.82

0.6 90 57.60 28.58 51.32 356.52 1022.82

1.2 121 57.60 28.63 51.25 35.48 1022.77
2/17/93 16:23

1.1 135 57.60 28.58 51.32 - 35.52 1022.82

16 a0 57.80 28.58 51.32 35.52 1022.82

2.8 80 57.860 28.58 51,32 35.52 1022.82
2M17/93 16:53

3 80 57.60 28.58 51.32 35.52 1022.82
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Final Dilution Study Plan
29 December 1992

JOINT CANNERY OUTFALL
DILUTION STUDY PLAN

The joint canmery dilution study plan describes the approach for conducting a
- wastefield dilution study (dye study) of the effluent discharged from the Joint Cannery
Outfall located in Pago Pago Harbor, American Samoa. StarKist Samoa, Inc. and VCS
Samoa Packing Company operate and discharge through the outfall. A joint dye study
is required as a permit condition under the separate NPDES permits issued to each
cannery.

A draft study plan was prepared for review by USEPA and ASEPA. The review found
the draft study plan "basically acceptable” with a request to address concerns expressed
by Dr. Walter Frick of the USEPA. The draft study plan (Agency Review Draft, 29
October 1992) together with the response to comments provided below, consists of the
final dilution study plan. The draft study plan is Attachment 1 to this report and the
comments on the draft plan are provided in Attachment 2.

RESPONSE TO COMMENTS

All comments on the draft study plan were provide by Dr. Frick in a memo to Janet
Hashimoto, Region IX, USEPA dated 25 November 1992. The following are the
responses to his comments and concerns with reference to each paragraph of his
memorandum (Attachment 2):

Page -1 - Paragraph 1: He finds the draft plan basically acceptable. His comments
express his concerns that the results of the dye study provide information and data
appropriate for assessing compliance with permit conditions and American Samoa
Water Quality Standards. This is the intent of the dye study. The project staff
appreciates Dr. Frick’s concerns as discussed below.

Paragraph 2: CH2M HILL project staff are well aware of the limitations, pitfalls, and
difficulties of performing field dye studies. The project team that will conduct the study
has done 25 to 30 dye studies over the past few years. These dye studies have been
conducted under a wide range of environmental conditions in virtually every type of
estuarine setting. The location and tracking of the of a dye plume in the manner
described is routinely accomplished by project staff. As pointed out by Dr. Frick, there
is no practical alternative to the method proposed.

Paragraph 3: Significant overestimates of the dilution are not anticipated by CH2M
HILL project staff. Dr. Frick mentions three areas of concern for overestimating the

1



Final Dilution Study Plan
29 December 1992

dilution: water depth variation, vertical .current shear, and internal waves. He is
concerned that these factors might change the depth and/or location of the dye
concentration maximum and the drogue would no longer be an indicator of the depth
and/or location of the concentration maximum. The field data collection techniques, as
discussed under Paragraph 4 below, will account for any changes in depth of maximum
concentration. With respect to specific items, our understanding of the concerns is as
follows:

° The diffuser is located in about 180 feet of water and, based on available
current data, it is anticipated that the plume will move approximately
parallel to the depth contours. If the plume moves in this fashion, or
toward the center of the harbor (southwest), the depth of water will not
change significantly. However, if the plume moves toward the reef there
may be some significant topographic effects on the plume and the drogue
may not follow the maximum dye concentration. Under most conditions
the plume will remain submerged, as predicted by dilution models and
verified by observation. On encountering the reef wall the plume will be
steered shore parallel in shallower water (but not on the reef itself). This
could change the depth of maximum dye concentration. Proposed
vertical profiling (see Paragraph 4 below) will account for any such
behavior and the concentration maximum will be detected and recorded.

o Currents are relatively weak in Pago Pago Harbor and, although vertical
current shear could be a factor in determining the plume maximum
concentration location, it is not likely that this will be significant. The
existence of any significant effect should be reflected in the current meter
records above and below the initial trapping depth. The proposed
vertical profiling at the mixing zone boundary (see Paragraph 4 below)
will result in a record that includes the maximum dye concentrations even
if the drogue does not follow the maximum concentration to the mixing
zone boundary.

. Internal wave motion or harbor oscillations could result in the vertical or
horizontal movement of the plume centerline. It is not anticipated that
amplitudes would be sufficient to seriously affect the measurements.
However, the proposed vertical profiling (see Paragraph 4 below) will be
able to determine if such an effect exists and determine the dye
concentration maximum.

All of the items listed above are valid concerns. CH2M HILL’s experience and site
specific knowledge indicates that the effects will not be significant in terms of defining
concentration maximums. Even under conditions under where effects become
important, the proposed sampling technique discussed below will be sufficient to
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indicate the presence of the effects and determine the actual dye concentration
maximum within limits acceptable for the purposes of the dye study.

Page 2 - Paragraph 4: During the collection of field data (dye concentrations)
continuous vertical profiles through the plume, using a submerged pump and flow-
through operation of the fluorometer, will be made following a drogue. The depth and
concentration of the dye maximum will be observable with on board instruments.
Therefore, any differences in depth of the drogue and the dye concentration maximum
will be obvious and the maximum (with depth) dye concentration will be recorded.
This avoids, to the extent possible, most of the concerns raised by Dr. Frick.

In addition, at the mixing zone boundary, continucus vertical profiles will be made at
and on both sides of the drogue crossing point. This will be done at a sufficient
number of stations along the mixing zone boundary to provide confidence that the
actual plume centerline and maximum dye concentration have been determined. In
addition to, or in lieu of, repeated vertical profiles, horizontal transects of dye
concentration at the depth of maximum dye concentration will be made across the
width of the plume,

The procedures described above are standard procedures during CH2M HILL dye
studies. The intent is to take whatever action is necessary to define the minimum
dilution (maximum dye concentration) at the appropriate location. The attached draft
dilution study plan should be interpreted as consistent with this objective and to include
the procedures described above.

Paragraph 5: The density gradients used in the previous modeling were based on
examination of available data, collected during different seasons, by CH2M HILL and
others. Except for rainfall-runoff events which can create a surface layer, density
gradients are generally not very "strong" and the "stronger gradient” used for the model
is representative. Since the plume from the new outfall diffuser is usually trapped well
below the surface, the existence of thin surface layers caused by rainfall events will not
directly effect the plume dilution or behavior. Density gradients measured during the
time of the dye study will be reported.

Paragraph 6: The modeling used to define the mixing zone did account for
"background” concentrations. The modeling effort, which is summarized in the
Technical Memorandum referred to in paragraph 5 of the comment letter, accounted
for: '

. Background concentrations (typical open coast concentrations) expected
in the absence of point and nonpoint source loadings in the harbor
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. Ambient long term average concentrations {outside the immediate area
of discharge) which include background and the effects of all point and
nonpoint sources loadings in the harbor, including the canneries (i.e.
entrainment and re-entrainment phenomena)

. Effluent plume concentrations during initial dilution calculated by
accounting for ambient concentrations (using ambient water for dilution
and calculation of an effective dilution)

. Effluent plume concentrations during subsequent dilution calculated by
accounting for ambient concentrations (using ambient water for dilution
and calculation of an effective dilution)

The mixing zone boundary was established by using a set of complimentary models and
considering the interaction of the discharge with the existing concentrations in the
ambient receiving water. The modeling is described in more detail in the Engineering
and Environmental Feasibility Evaluation of Waste Disposal Altemmatives prepared for
StarKist by CH2M HILL in 1991. The approach used generally follow that described
in Dilution Models for Effluent Discharge by Baumgartmer et al.

Water quality measurements in Pago Pago harbor in recent years, referred to by Dr.
Frick, were made when the both canneries discharged into the inner harbor. The
initiation of high strength waste segregation resulted in significant improvements in
water quality. However, water quality standards were still exceed throughout much of
the harbor, especially in the inner harbor. The present location of the discharge in the
outer harbor was selected, based on model predictions, to improve water quality
throughout the harbor and meet water quality standards (except within a designated
mixing zone). This new outfall has been operating since Febrvuary of 1992 and
indications are that water quality standards are now being met. CH2M HILL has not
done a review of monitoring data since the new outfall became operational, but this
review, and model verification, will be done as a permit condition (see Sections E and
J of the NPDES permits for both canneries).

Paragraph 7: The circulation pattern described, of wind driven inflow at the surface
and a return outflow at depth, was based on available current meter and drogue
tracking data and is a description of typical long term (net) flow patterns. More
description is provided in the Feasibility Study report referenced above. Outflow on
the surface in response to rainfall-runoff events is observed and is superimposed on the
long term patterns. The dye study combined with the long term monitoring data will
provide a better picture of the flow patterns in the harbor. It is unlikely that a single
dye study, by itself, will directly provide much new insight into the overall long term net
flow characteristics of the system. The model verification study will use both long term
monitoring data and dye study data to address this concern.

4



Final Dilution Study Plan
29 December 1992

Paragraph 8: Dr. Frick’s comments were appropriate and useful in review of the dye
study plan, and other studies required as permit conditions. The above descriptions
were intended to address each of the concerns expressed in Dr. Frick’s memorandum.
The description of field techniques in Paragraph 4 above constitutes the only revision
or addition to the text of the draft dilution study plan. Paragraphs 5 and 6 do not
directly address the objectives of the dye study but are useful and important points that
will be addressed in another study under the existing NPDES permits.
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JOINT CANNERY OUTFALL
DILUTION STUDY PLAN

INTRODUCTION

This dilution study plan describes the approach proposed for conducting a wastefield
dilution study (dye study) of the effluent discharged from the Joint Cannery Qutfall
(JCO) located in Pago Pago Harbor, American Samoa. StarKist Samoa, Inc. (SKS)
and VCS Samoa Packing Company (VCS) operate and discharge through the outfall.
The study plan describes the data to be collected and methods proposed to collect the
- data. The quality control and quality assurance procedures and the types of data
processing are also described.

_ PURPOSE

The purpose of this study plan is to propose a joint cannery dye study, consisting of two
field efforts, to USEPA and ASEPA for approval. The purpose of the proposed dye
study is collect the necessary data to better understand the fate of the effluent plume.
The data to be collected are intended to provide direct evidence of plume behavior and
to provide information to be used to verify model predictions of dilution and dispersion
of the wastefield. '

BACKGROUND

The -canneries began discharging their treated wastewater, after high strength
segregation, into the outer harbor in February of 1992. This is a new outfall that
replaces individual inner harbor discharges. Newly issued NPDES permits are based on
an approved zone of mixing. The size and location of the zone of mixing was based on
environmental and engineering studies which included mode! predictions.

The NPDES permits issued to each cannery require two dye or tracer field studies.
These studies are described in Part F of permit numbers AS0000019 and AS0000027.
The effective dates of the permits are 27 October 1992. The permit condition is
identical for both canneries and reads:

Within one week of the effective date of this permit, the permittee shall
submit a plan to the ASEPA and EPA to perform dye andjor tracer studies
in order to better understand the fate of the effluent plume. The permittee
shall perform these studies twice for one year (once during each of the two
primary seasons of the year) and submit its findings 30 days after conducting
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each study. The date of the first study must be approved by USEPA and
ASEPA and shall occur at the earliest possible time a distinct oceanographic
season is in effect and no later than four months of the effective date of the
permit.

In the response to comments on the draft NPDES permits EPA indicated that the first
study "is to occur no later than six months after the issuance of this permit." This plan
proposes the first field study be conducted in February 1993 and the second in
September 1993. Therefore the first field study is proposed to be within four months
of the effective date of the permit.

APPROACH

This study is designed to obtain accurate measurements of dye injected and completely
mixed into the effluent (wastewater tracer) and released through the outfall diffuser.
The dye study is intended to provide direct measurements of nearfield and farfield
dilution. Dilution of the wastewater will be determined by continuously injecting
fluorescent dye into the discharge at a controlled rate for a period of approximately 13
hours. The horizontal and vertical distribution of the resulting plume will be measured
throughout a tidal cycle during daylight hours. Environmental parameters that
mfluence plume buoyancy and trajectory will also be measured and recorded including:
current speed and direction, tide height, water temperature, conductivity (salinity), and
wind speed and direction. Dilution ratios and effluent concentrations will be
determined at the edge of the designated zone of mixing, within the zone of mixing,
and at various distances beyond the zone of mixing.

The study will be performed during the two distinct oceanographic seasons, tradewind
and non-tradewind, and include, to the extent possible, periods of critical receiving
water conditions (such as low slack water and tide reversal) that represent the "worst
case" for effluent dilutions. However, the circulation and currents in Pago Pago are
largely wind driven, and the times of critical periods are not completely predictable,
The data coliected during the dye study will be used to verify previous modeling in a
separate study (Part J in the NPDES permits), The models used were applied to
critical conditions, and verification of the models with dye study data will provide the
desired confidence in wastefield dilution and transport predictions for worst case
conditions.

Field data will be processed and presented in graphical and tabular formats and
described in dilution study reports. An interim report will be written and submitted
within 30 days of the first dye study and a final report within 30 days of the second
study. Supporting data will be included in the report appendices. The data analysis
will include evaluation of the measured dilutions and concentrations in terms of
compliance with American Samoa water quality standards.
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STUDY PERIODS

It is desirable to conduct dilution studies during "critical conditions". Critical conditions
are defined as those environmental conditions that result in the lowest initial dilution
for the effluent flow of interest. The most important environmental parameters
involved are current speed and direction, water depth, and density variations in the
vertical direction. For the JCO in Pago Pago Harbor critical conditions are not easily
targeted since the currents are generally wind driven, the outfall is deep so the plume
is generally trapped below the surface, and the receiving water density gradients are
small.

The dye study will be conducted over a tidal cycle to evaluate, if possible, the effect of
tidal variations. Variations of environmental parameters over a tidal cycle are small.
Most of the environmental variability is found on a seasonal basis. Two distinct
oceanographic seasons represent the extremes in current patterns and density structure
in Pago Pago Harbor. The non-tradewind season is most pronounced in January and
February. The first dye study is targeted for the first week in February. This schedule
may change but the study will be conducted within the January-February window. The
tradewind season is most pronounced in May through October. August is, on the
average, the most intense of the tradewind months and the middle of August is the
target date for the second dye study.

STUDY METHODS

The elements of a dye study include injecting dye into the effluent stream to produce
known initial concentrations and measuring the subsequent concentrations of dye in the
receiving water. The environmental parameters important to the dilution and
dispersion processes are also measured to provide a basis for interpreting the results
and characterizing the behavior of the wastefield plume. This section of the study plan
describes the methods proposed to carry out the elements of the study.

DYE INJECTION

A 20 percent aqueous solution of Rhodamine WT dye will be used as the tracer. This
dye is a fluorescent, water soluble, biodegradable tracer that can be accurately
measured in extremely small concentrations, typically less than 0.2 part per billion
(ppb). A peristaltic, variable-rate laboratory pump (or a variable stroke injector pump)
will be used for dye injection. The pump will be calibrated by direct volumetric
measurement of dye pumped before and after the study.
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Dye Injection Location

Dye will be injected at a point to be determined, at either SKS or VCS, based on
available and appropriate injection locations. The final decision on a dye injection
point will be determined on site during field mobilization. Effluent flow rates for both
canneries will be monitored during the dye study to facilitate any required adjustments
in dye injection rate. Initial dye concentrations will be measured from samples
extracted from the outfall pipeline through a sampling tap to be installed downstream
of the VCS inflow. The sampling port will be a sufficiently far downstream of the
injection point to allow the dye to become well mixed with the effluent.

Dye Injection Time

Dye injections will occur over a tidal cycle (about 13 hours) to provide for direct
measurements of nearfield and farfield dilutions, and wastefield overlap, if any, due to
tidal reversals. Dye injection will have to begin prior to field measurements of the
effluent plume. Travel time in the pipe is just over one-half hour for maximum
(permitted) flows and about 1.5 hours for low (99-percentile) flows. Therefore, dye
injection will start approximately an hour prior to the start of field measurements.

Dye Injection Rate

Dye will be injected at a rate sufficient to produce a discharge concentration of ap-
proximately 2 parts per million (ppm) or higher. Assuming a practical dye detection
limit of 1 ppb above background, it will be possible to accurately map the dye plume to
a point where it has been diluted to 2000:1 or more. Background fluorescence and
effluent characteristics, determined during fluorometer calibration, may indicate that
higher injection rates and effluent dye concentrations are needed. Sufficient dye will be
available during the study to increase dye injection if necessary.

Amount of Dye Required

The amount of dye required and the injection rate will depend on the effluent flow
rate. Permit limits for the canneries provide for a combined maximum effluent flow
rate of 3.62 million gallons per day (mgd). Targeted initial concentrations of 2 ppm
will require dye injection rates of 19 mi/min. For a dye injection period of 13 hours
this requires about 4 gallons of dye. Additional dye will available to increase injection
rates, if necessary, and to provide a supply for the test injection described below.

FIELD DATA COLLECTION
Dye will be released for approximately 13 hours beginning about 1 hour prior to the
start of field measurements and end at or shortly before the cessation of field

measurements. A test injection for approximately two hours will be conducted the day
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prior to the dye test. This test injection will test the injection system, provide an
opportunity to test the field sampling equipment, and provide a preliminary assessment
of plume trapping levels which will be used to pre-set the drogue and current meter
depths. Field equipment requirements for the dilution study, including backup units,
are listed in Table 1. A Jocally chartered vessel will be used to deploy sampling
equipment.

A three-person scientific staff will be aboard the vessel to deploy equipment, monitor
recorders and record data, and direct sampling activities. One person will be ashore to
monitor dye injection and handle any problems with the positioning system. The vessel
will be equipped with a hand-held radio in order to allow communication with the dye
injection station and cannery personnel.

Field data collection will include the following elements:

s Monitoring of effluent flow rate, dye injection rate, and initial
concentration (as described above)

. Positioning with a Mini-Ranger 1II navigation system, or equivalent (a
backup method will be available)

. Drogue releases to indicate the current direction and provide a means of
tracking the wastefield as it moves away from the diffuser location

. Vertical profile measurements of dye concentration with depth at
selected locations within, at the edge of, and outside the zone of mixing

° Horizontal transect measurements of dye concentration across the width
of the wastefield, if possible and appropriate

. Vertical profiles of conductivity and temperature at the same locations as
dye measurements and background measurements of conductivity and
temperature

. Current speed and direction at two depths (at the diffuser and at the

plume trapping level)

J Wind, wave, water level, and general meteorological observations

The first five elements give information on the actual measurement of wastewater
dilution and wastefield location. The next three elements are done to record the
physical variables of the receiving water and those environmental parameters that
control the behavior of the effluent plume.
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Dye Injection and Flow Data

Dye pumping rate and effluent flow will be monitored and recorded during the course
of the study. The dye pumping rate will be varied, if necessary, to maintain as constant
a dye concentration as possible in the effluent. Initial effluent dye concentrations will
be measured in duplicate samples taken, at half-hour intervals, downstream of the
injection point throughout the duration of the injection periods.

Positioning

Vessel navigation will be done using a Motorola Mini-Ranger III electronic positioning
system. A suitable backup system will be available. Use of a Mini-Ranger III will
allow maximum flexibility in establishing survey transects and will provide positioning
range accuracy of approximately +2 meters. Three transponder locations will be
selected and referenced to horizontal control points. Transponders will be positioned
to provide adequate coverage for expected wastefield positions. A map of Mini-Ranger
coordinates will be generated locating the diffuser, the water quality sampling stations
referenced in the NPDES permits, and the edge of the mixing zone. This map will be
used in the field to assist in positioning for dye measurements.

One or two sets of temporary range markers will be set on the shoreline to provide
rapid visual positioning of the diffuser location. The diffuser location will be
determined from design and/or as built drawings. By marking the diffuser with visual
lines of position, in addition to using the Mini-Ranger system, stations can be located
quickly.

Drogues will be released at the diffuser location as moving position markers to indicate
plume movement. In the vicinity of the diffuser the centerline of the plume will be
located by determining the depth of maximum dye concentration. A subsurface drogue,
with a surface piercing marker float or flag, will be set for the depth of the plume
centerline and released. The drogue will be followed to the edge of the mixing zone,
and beyond if necessary, as the dye concentrations are measured. Drogue release
points and positions will be recorded according to Mini-Ranger coordinates. Drogues
will be recovered at the end of each plume tracking episode.

Dye Measurements

Dye concentrations will be measured with an onboard Turner Designs Model] 10 fluor-
ometer, or equivalent. This instrument measures the light emitted from the fluorescent
dye solution in response to illumination by a light source in the instrument. The
fluorometer will be set up with the appropriate light source and filters for detection of
Rhodamine WT dye. The fluorometer will be operated in a flow-through fashion with
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the ambient water at a particular depth and location pumped directly into the
fluorometer by a submersible pump.

Receiving waters in and around the zone of mixing will be sampled in two modes:

° Vertical Profiles: water is pumped continuously through the fluorometer
hose intake, which is lowered and raised in the water column in order to
document the vertical distribution of dye at selected profiling stations

o Horizontally Transects: water is pumped continuocusly from a hose posi-
tioned at a constant depth while the vessel runs along a transect line

Dye concentrations, in terms of fluorescence readings from the instruments, will be
recorded simultaneously with horizontal position and depth. General observations,
physical measurements, and any problems will be documented. Rhodamine WT dye
fluorescence is highly sensitive to changes in solution temperature. Receiving water
temperature, therefore, will be continuously monitored to enable fluorometer data to
be corrected during data processing.

At a minimum, vertical profiles will be taken in the vicinity of the diffuser and,
following the drogue trajectories, at the edge of the mixing zone. Profiles will also be
taken inside and outside the mixing zone along drogue trajectories, as time permits.
Horizontal transects will be taken, at a minimum at the edge of the mixing zone.
Additional transects inside and outside the mixing zone will be taken as time permits.
Decisions concerning the locations and number of profiles and transects will be made in
the field by senior project staff familiar with the oceanography of the harbor and the
operation of the diffuser. This will maximize operational flexibility and the usefulness
of the data collected. .

Initial dilution samples will be diluted as necessary and dye concentrations measured at
the end of the field operations. Grab samples may be collected if necessary during the
course of the field operations. Initial dilution samples and grab samples will be
measured using the fluorometer setup in the cuvette mode.

Water Column Density Structure Measurement

InterOcean S4 current meters, discussed below, moored near the diffuser will
continuously measure temperature and conductivity at two fixed depths. A SeaBird
SBE 19 conductivity, temperature, and depth unit (CTD) will be used simultaneously
with the fluorometer at the position of the fluorometer intake to measure and record
water column properties. CTD profiles will be available for the same times and
locations as dye concentration profiles. Background profiles, outside the effluent
plume, will also be taken before, during, and after the dye study period.
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Current Measurements

Current speed and direction measurements will be taken during the study. Two
InterOcean S4 current meters will be deployed on a single mooring at the diffuser
location. One of the meters will be set about 6 feet from the bottom to measure
currents acting directly on the diffuser plumes during initial dilution. The other meter
will be deployed at the trapping depth of the plume centerline located as described
above. These meters will remain at the same depth throughout the dye study. The
mooring will be rigged in the field, probably during the dye injection test, to set the
upper meter for the correct depth.

Current speed and direction in the vicinity of the diffuser will also be determined with
drogues, which will be released at the plume trapping depth as described above. More
than one drogue may be released at the same time. Each drogue will be numbered so
it can be traced during the course of the study. At the time of release, the release
position will be determined with the Mini-Ranger system. Subsequent position
determinations will be made when sampling at the drogue locations. Sequential
locations of the drogues will be used to calculate average speed and direction along the
drogue trajectories.

General Observations

Wind speed and direction will be measured during the course of the dye study using an
instrument on board the vessel. Any existing wind stations will be used, if available, to
supplement the on-board measurements. Water level will be determined from a staff
mounted on a pier piling or from other available tide elevation sources. One of the S4
current meters is equipped with a pressure sensor which will also provide data on water
level variations over the period of the field data collection. General meteorological
observations will be noted in a field log.

QUALITY ASSURANCE AND QUALITY CONTROL

OBJECTIVE
The quality assurance and quality control objective for the dye studies is to collect
measurements of wastefield dilution and dispersion that are of verifiable and acceptable

quality. The following procedures will be used to meet the objective:

° Provide verifiable dye injection rates and initial concentrations
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° Provide verifiable fluorometric equipment calibration with pre- and post-
fluorometer calibration

. Maintain accurate vessel positioning for wastefield measurements
o Provide equipment redundancy (backup equipment)
° Examine dye injection site and downstream sample collection site to

verify proper mixing before initial dilution samples are taken

° Examine all data collected to verify instruments are recording/registering
data of acceptable quality

o Examine all processed data and data processing methods to verify that
analysis techniques are providing the required information

OPERATIONS PLAN

A detailed operations plan for conducting the dilution ratio study will be developed as
the basic element of quality assurance and control activities. The operations plan will
be based on CH2M HILL’s substantial experience with field dye studies. The
operations plan will provide the framework for conducting a technically supportable dye
study. The operations plan and associated field protocols will be provided in an
appendix to the reports. The operations plan will include a preliminary dye injection
and field equipment shakedown exercise the day prior to the dye study.

EQUIPMENT CALIBRATION

All equipment will be obtained prior to the beginning of the dye study. Each in-
strument will be checked on arrival to confirm that it is in working condition. Each
instrument requiring calibration will be calibrated immediately prior to the beginning of
the dye study and, when appropriate, following the study. Calibration methods for each
instrument are described below. Acceptable factory calibrations will be verified for
instruments calibrated by the manufacturer.

Dye Pump

The dye pump will be calibrated at the location where it will be used during the dye
study. The flow rate will be calibrated with the dye at ambient temperature by
discharging dye into a graduated cylinder for a fixed period of time at various flow rate
settings. According to the manufacturer, reproducible metering accuracy of greater
than 1 percent can be expected when handling medium-viscosity fluids if fluid
differential pressure, fluid viscosity, and electric line voltage remain constant. To verify
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that none of these factors is affecting expected dye flow rates during dye injection, dye
flow rates will be verified and logged prior to and at the conclusion of dye injection and
cumulative dye volume pumped will be logged at 1-hour intervals during injection.

Fluorometers

Fluorometers will be calibrated according to the manufacturer’s specification such that
they measure total dye concentration in a range of 0.1 to 100.0 ppb. Standards will be
prepared with the dye used in the study, effluent from the canneries, and seawater.
Seawater will be collected from the study site prior to the dye study, and fluorometers
will be calibrated before going into the field. Immediately following the dye study, new
calibration curves will be developed using the same standards as in the pre-study
calibration. This second set of calibration curves will be compared to the initial
calibration data, after correction for temperature. Both calibration curves will be used
to correct or adjust the observed dye concentration and dilution.

CTD and S84 Current Meters

The CTD unit and the current meters will be calibrated to the manufacturer’s
specifications before conducting the dye study. Calibration results will be used during
data reduction and calculation of the water column density structure and current fields
“as required. Calibration histories will be reported for the units used.

Mini-Ranger

The Mini-Ranger will be calibrated to the manufacturer’s specifications prior to con-
ducting the dye study. The unit and transponders will be checked against known
distances similar to those to be encountered during the study. A calibration range
maintained by the National Ocean Service is used for this purpose.

DATA PROCESSING AND PRESENTATION

Field data will be processed and analyzed to determine the measured dilution of the
wastefield at various locations inside, at the edge, and outside of the mixing zone.
Water column density profile, water levels and current speed data will also be
presented. The data will be presented in graphical and tabular formats.

Field data and procedures will be recorded in field logs on the vessel and at the dye
injection station. S4 current meter data are recorded internally in the instruments.
These data will be downloaded to a portable computer at the end of the day. The
CTD data will be monitored and recorded on computer in real time, critical data will
be recorded in the field logs. Fluorometric readings will be recorded in the field logs.
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Dilutions will be calculated from fluorometric readings after correction for calibration
and temperature.  Fluorometer data are processed in four steps as follows:

° Step 1:
. Step 2:
. Step 3:
. Step 4:

Correct fluorometer outputs for temperature

Compare pre- and post-calibrations to determine any drift
and to make corrections to the conversion between
fluorescence and dye concentration

Calculate  initial and plume concentrations using
information from Steps 1 and 2

Calculate dilutions using concentrations (initial and plume)
from Step 3

Observed dilutions will be presented as vertical profiles and horizontal transects.
Profile and transect locations will be indicated on a base map including the diffuser
location and the zome of mixing boundary. Other data will be reported and
summarized as appropriate including:

o Tabulations and plots of vertical profile measurements of dye, tempera-
ture, and salinity

o Tabulations of wind speed and wind direction

. Plots or tables of water levels and current speed and direction

An interim report will be produced within 30 days of the first dye study. This report
will provide recommendations for study plan modifications, if required, for the second
dye study. A final report, including results of both dye studies will be produced within
30 days of the second study. Both reports will include an evaluation of the results with
respect to compliance with the American Samoa water quality standards. All raw and
processed data will be provided in appendices to the dilution study reports.
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Table 1

Field Equipment for Dilution Study
(Equivalent or better models may be substituted for some equipment)

Number

Equipment Item Purpose of Units Accuracy Standard
Turner Model 10 | Fluorescent dye measurement 2 Detection to 0.1 ppb
Fluorometer
Seabird SBE 19 Measure conductivity, tem- 1 Conductivity =0.001 S/m
CTD perature, and depth Temperature 0.001 °C

) Depth = 0.5% of full scale
Compaq SLT Set up and record Seabird CTD 2 4-hour battery (3 packs)
Commputer data
Motorola Mini- Microwave positioning System 3 1 +2 meters
Ranger 111 transponders
System
MasterFlex Used for dye injection into ef- 2 0.2 ml/min
Peristaltic Pump | fluent at constant rate
1/3-hp Pumps receiving water from 2 230-volt afc
Submersible depth through fluorometer
Pump
Motorola Hand- Communication ship-10-shore 4 Battery-powered (2-mile

held VHF Radios

range)
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Steven L. Costa
Project Manager

CH2M Hill

1111 Broadway
P.0O. Box 12681
Oakland, CA

REGION IX

75 Hawthorne Street

San Francisco, Ca. 94105-3901

December 1,

894604-2681

1992

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

Re: Review of the Joint Cannery Outfall Dye Study Plan

Dear Steve:

We reviewed the canneries' outfall dye study plan and also had
Walter Frick of EPA's Office of Research and Development review the
the plan. The plan is basically acceptable.
had several recommendations and concerns, which are detailed in the

attached memo.

However, Dr. Frick

One of his concerns was that the proposed plume

measurement program might overestimate the dilution achieved and

recommended a method to counteract this problem.

He also had

concerns regarding the modeling used for the mixing zone determina-

tion not factoring

in background concentrations to establish

effective dilution based on the discharge's interaction with the

ambient water.

We would appreciate your addressing the concerns raised by Dr.

Frick in the dye study plan and subsequent analyses.

Enclosure

cc: Norman Wel, Star-Kist Seafood Company

Sincerely,

American Samoa Program Manager
Office of Pacific Island and Native
American Programs (E-4)

James Cox, Van Canmp Seafood Company
Pati Faiai, American Samoa EPA

Printed on Recycled Paper



. PR

o
R

R

A7
¢ paot e*

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
OFFICE OF RESEARCH AND DEVELOPMENT

ENVIRONMENTAL RESEARCHK LABORATORY - NARRAGANSETT
MATFIELD MARINE SCIENGCE CENTER
NEWPORT, OREGON 47364

©
Y4 genc?

November 25, 1502 PACIFIC ECOSYSTEMS BRANCH
TELEPHONE" (503) B87.4040
MEMO DUM 257 —q“”’i
e 26

SUBJECT: Review of Draft Dye Study Plan for Tuna Cannery NPDES

Pernmits E;jf//
FROM: . Walter E. Frick mfl¢4fé%\ﬂj§1' /Ytﬁyéip

Physical & Chemical Processes Team

TO: Janet Hashimoto
Region IX

.

I have participated in two separate dye studies and know
that Steve Costa is himself familiar with dye studies. Based on
this experience and my readings of the draft dye study, I find
the plan basically acceptable.

However, all parties should be aware of the limitations and
pitfalls of dye study work. I think the study team should be
able to locate and sample the plume in the nearfield, as
described on page 7, though even this task can be difficult and
time consuming. The method of then using drogues to follow the
water parcel to make subsequent measurements is a fairly standard
technique. Short of intensive and extensive monitoring
throughout a large area, I do not know of a better way to track

the plune,

Given, however, that the nearfield monitoring accurately
depicts plume concentrations, meost likely this measurement
program will tend to overestimate the subseguent dilution
achieved. I can think of three reasons to support this
eonclusion: 1) The depth of the water varies significantly in
the vicinity of the diffuser. Because the water column in which
the initial dye measurement is made will stretch as it moves into
deeper water, the depth of the plume maximum will maintain its
relative position, therefore sinking to a greater depth. Thus
measurements at drogue depth will no longer represent the plume
maximum. 2) The same effect may be accompanied by vertical
current shear so that the location of the plume maximum will also
be uncertain. 3) Internal wave motion might change the depth
and location of the plume. Finally, if the drogue moves into
shallower water there is always the danger of getting caught on

the bottom.
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Of course, attempts can be made to counteract this problem
by taking excursions from the drogue location in the effort to
find the local maximum. Since knowledge of what direction is
perpendicular to the plume centerline will be uncertain, this
technique will also suffer uncertainties. However, the existence
and importance of the mixing zone makes other locations less
relevant., My recommendation is that as much profiling be done
along this boundary as possible, using the drogue crossover point
as a guide for concentrating the measurement effort.

In addition to the dye study, I examined the Technical
Memorandun "Site-specific Zene of Mixing Determination for the
Joint Cannery Outfall Proiject, Pago Pago Harbor, American Samoa.™
Assuming the density profiles are representative of the
conditions of concern, my own limited modeling resulted in
initial similar dilution predictions. I have no knowledge about
density gradients in tropical waters but do not find what is
called a "stronger gradient" on page 12 very strong compared to
gradients elsewhere in coastal and estuarine water. The
conductivity and temperature measurement program proposed for the
dye study should be used to help ameliorate this concern.

The modeling presented in the mixing zone determination
study only establishes overall dilutions. It does net factor in
the background concentration to establish effective dilution or
concentrations based on the interaction of the discharge with
existing peolluted ambient water. The new EPA guidance on plume
modeling "Dilution models for effluent discharges" (Baumgartner,
Frick, Roberts, and Fox, 19%2) makes such estimates possible.
The water guality measurements for Pago Pago Harbor in recent
years indicate that water quality standards are exceeded and are
cccasionally high enough so that, even when they are not
exceeded,” the presence of a source may cause exceedances near the

nixing zone.

The dye.program should also help establish whether flow
patterns in Pago Pago Harbor are as anticipated in the dye study
plan: inflow at the surface and outflow at depth. This is
different from the pattern in many estuaries in which eutflow

generally occurs near the surface.

I hope that the contractor will addrese these concerns
further in forthcoming analyses of the dye studies.

ce: David Young -
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Steven L. Costa

Project Manager

CH2M Hill

1111 Broadway

P.0. Box 12681

Oakland, CA 94604-2681

Re: Approval of the Joint Cannery Outfall Dye Study Plan
Dear DBr. Costa:

We have reviewed your letter of December 29, 1992, which
provides responses to our comments on the Draft Cannery Outfall Dye
Study Plan. We find that the concerns raised by Dr. Walter Frick
have been adequately addressed and that the only revision to the
draft plan originally submitted is contained in the response to
Paragraph 4 regarding the field procedures of vertical profiling.
Thus the dye study plan, as submitted with the response to
comments, is hereby approved.

Should you have any questions regarding approval of this plan,
please contact Pat Young, Office of Pacific Island and Native
American Programs, at (415) 744-1591.

Sincerely,

k Loy
’ 27 /'J( ./.:~-__——-——————-’
. ; Yl LA -
Terry?bda
Chie$; Permits Issuance Section
~  Water Management Division
cc: Norman Wei, Star-Kist Seafood Company
James Cox, Van Camp Seafood Company
Director, American Samoa EPA
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